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inaes responsible, asa body, for the facts and d opin ed 
in any. of its publications. 


ELECTRICITY Y VERSUS “STEAM F FOR ‘BRANCH 


RAILROAD LINES. = 


“What are the economic under which Electricity may be 
profitably substituted for Steam in the operation of Branch _ 
Railroad’ Lines, and what are the engineering to be 
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Messrs. H. S. Hatnes, H. G. Prout, Osertin Suir a, W. B. ReeD, 
8. W. Ww ‘James R. W. J. BALDWIN, 


Moons, C. W. A. P. ‘Tas and Causes 


8. M. Am. Soc. C. E.—As the speaker is responsible for Mr. Haines. 
_ the submission of this subject for discussion he will undertake to state eh. a 
purpose he had in view in suggesting it. 
ie Electricity has been gradually introduced as a motive power on rail yee 
E . roads, first as a substitute fo for horse-car lines in cities; then into 
continually widening areas, W ith the extension o of such lines into 
_ suburban districts; all the time offering more formidable competition 
. steam railroads, until it has become a question as to its substitution _ 
for steam on some of these very 
Ss —_ This problem has been attacked by one or two of our principal rail- = 
_ pion in what may y still be considered an experimental way, 
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DISCUSSION oN ELECTRICITY STEAM FOR RAILROADS. 
Mi '. Hai aines. and it would be a matter of public utility if if the results so farobtained 
should be gathered together and be made more e accessible by publication 
in the Transactions of this Society. 
: ae The profitable substitution of electricity for steam in a railroa< 
motor probably varies with its application, whether to: the trafficona 
strictly suburban branch, or to a branch ina rural. or manufacturin ing 
district. There is also to be considered the advisability of its applica- 
tion alternately with steam on the same line. The conclusion seems ~ 
cS to have been reached that this substitution — can be more profitably 
“made wh it is desired ‘to move ve single ¢ cars” _ frequently rather than 
_ where it is required to move heavy trains at infrequent intervals. oe 
Pa. The speaker thought of this subject because of a case that occurred | 


4 in his own experience. In planning quite a ong main line, he pull 


ing villages, atv: ary ing g distances from the line, 

a mixed train making one or two round trips per day might meet all 
_ the requirements, at least fora year or two after the branch lines were — 4 
opened. In one case it would be orsancatote to obtain current from a oe 
factory it was by we In this way his mind 


a and its use as a motive power to determine the Hees a Bs 
to himself, hence its to the for 
The speaker i is aware that there is a phase of the of this. 
we which is more appropriate to a conference of expert electricians, 
+ but it is not that phase which he has presented here. | It is distinctly — 
as an engineering problem that he asks for ra solution. 7 There is an 
apparent disinclination on the part of civil engineers to consider, as 
 anialaing to their domain, the application of electricity in connec- — 
tion with engineering works, in the same way that they accept and 9 


discuss questions involving the use of water or steam power. 7) a 


Asa help ti to himself, and to others similarly interested, the speaker 
ae ould like to have a 02 discussion o of the conditions ‘under which it would 
be advisable to operate by electricity a branch line to a steam railroad, q 
- _-—s- whether in a suburban, a manufacturing, or a rural district; the con- f 
i. ditions including the length | of the branch, the character and fre- — 

_ quency of the traffic, the generation of the electric current by water — 
powerorbysteam,eto, 
‘The subject should be considered, not only with reference to lines. 

E with a large traffic, but also as applied to branch lines operated only — : 


z 


by one locomotive with a single train crew, making one or two round 


If these can be determined with approximate accuracy, 
the field for the application of will be extended, 
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DISCUSSION ON ELECTRICITY VS. STEAM FOR RAILROADS. 377 


Pe Henry G. Provt, M. Am. Soe. C. E E.—This question i is parties eminently » Mr. Prout. | 


although engineering covers traffic conditions. Under such require- 

ments as Mr. Haines has suggested, i. e., branch lines with infrequent 
2 trains, it would not be advisable to try to substitute electricity for steam 

- locomotives; and it is quite likely that during the next few years light ke 

steam motors for such work will be developed. 


at, The costly installation of the New York, New Haven and Hartford 
Rails Railroad at Hartford and Berlin, Conn., will probably be found to be 


a very expensiv e and unremunerative said that about 


; 4 a one of traffic conditions rather than of strictly engineering conditions; basi 


half of the machinery in the power house is lying idle and that one-car 

trains are run at intervals of twenty or twenty-five minutes. Under 

such conditions it is impossible to pay the interest on the cost of the 
installation. In other words, if traffic i is in units of | 


A locomotive which will Saatoane say 1000 H.-P. will cost (we will 
$10 000, and a er house and plant to develop. 1 000 H.-P., 


= - $70 000 has to be earned, or accounted for in some my by the superior 


careful analy sis, made within the last three years, has shown that =f 
} 4 fuel will cost as much per horse-power delivered at the rim of the — my 
driving wheel for electricity as for a steam locomotive. Although in a— 
fixed plant cheaper fuel can be used, and with all the appliances of 


aes = a and i in the ann, are e sufficient to overcome that saving, and by 


"Elevated Railroad, hes. said that many have been 
Be. made within the last year or two, and greater efficiency is obtained — = 

“ae e from the generators and motors. But even if a saving in coal of, say, 

=. ae 50% can be made, yet, after all, the fuel item in the operation ofa a rail- 


is comparatively small Assuming the fuel element to be about. 
(13% of the total operating expenses, then, even if the saving in this 
_itemi is 50%, it is evident that little has been saved toward paying the J 1 
interest on the expensive electric installation. 
If the traffic is such that its efficiency, or or commercial development, 
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as by the locomotive. This seems to be a safe general proy 
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ther remarks by Mr. Haines, see 
* For further remarks by Mr. Haines, see p.386. 


ten years the ordinary street trolley line has grown f from mere 
into a great industry, which has not only performed the 
_work of the horse-cars it displaced, but has created an enormous travel- zis 3 
ing habit. The time for the universal use of these motors on railroads i: ms 
has not yet harsesy the speaker believes that it will come event- == 
a ually, in consequence of discoveries which will cheapen the use of fuel ps 2 = 
and simplify electrical machinery; and also because such a method 
will result in greater convenience to travelers, by reason of more ¥ 
smoothness of motion, freedom from dust, smoke, cinders, etc., 
-. facility for running single cars (or short trains) at t much more frequent Pe 
intervals than now. it therefore follows that the use of electricity on es 
roads which are at present run by steam, will largely increase trav a 


a and the habit of traveling. Such improvements make car ridinga 

pleasure rather than the duty that it now oftenis.§ 
The foregoing remarks ly to travel on surf ts is 
vy Bite. going apply to tra n surface roads, at spee oa 
' much the same as now practic ed. The change i in method has already 
begun, and its adoption by all railroads is simply a a matter of relative ea 3 
cost —in construction, maintenance and operation, 
It would seem probable, however, that in the next generation,if not __ 
in ‘this, an entirely new type of high-speed railroad will be devel- ws 
“oped. Mechanically, the world is ready to begin ‘it—finane ially, at 


dy t i] 
“yet, for its cost would be great. _ Upon some special type of track, — ie ‘a 
confining the cars absolutely against derailment, aspeed of 1200t0150 


 thiles per | hour, and possibly 1 more, can doubtless: be obtained; and 
it would not seem to be a very wonderful feat to cover the 90 miles 
between New York and Philadelphia in half or three-quarters of an a 
hour. _ There are no physical or mechanical obstacles which cannot be ‘a : 
overcome oe present knowledge and some experimenting with 

danger of collision with other objects ‘can be avoided by the 
use of an elevated roadway with absolutely no crossings, turn-tables or > 
‘Ss switches; and with the trains run upon a positive electric block system, ee, 


questions of f derailment obliterated, the 


378 DISCUSSION ON ELECTRICITY VS. STEAM FOR RAILROADS, 
— Mr. Prout. ‘requires ‘a minute subdivision of the units, that is, a division into very aS 3 
units running very in order to induce traffic to move, 
speaker has publicly advocated the use of small electric motors for 
driving machine tools and other independent machines. Although the 
idea at first appeared somewhat chimerical, individual motors are now 
extensively so used, the system having mostly passed beyond the 

: Railroad motive power is now in a state of transition. Within the 
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speed of trains will be limited only by air resistance and by the strength Mr. $ 
- of the wheels to resist centrifugal force—if wheels are used. If the cars 
are made long, narrow, pointed, very smooth and properly jointed _ 
together when in trains of more than one, , they can probably t be run at 
high speed without: encountering such great air resistance would 
~ make the cost of power too great. Such cost, however, must not be 
based upon present train w in relation to live load. 


~aload of 1 or 2 per passenger is very common. From 
standpoint this excessive weight is not necessary. The bicycle has 
in shown that a person can be carried over & a smooth d dirt road with 20 
Ibs. . of dead load, and on an iron pathway this can be further reduced; 
rf, if riding on a tricycle covered from the weather, as in a car, this load 
might be 150 lbs., or about hisown weight. 
_ In this respect the bicycle has been an object lesson, and has shown — _ wa ; 
: ‘that it is possible for a vehicle to be so delicately made, to have so + t 
much refinement in its mechanical design and composition. with 
ball-bearings, steel suspension-spokes, tubular frames, etc., 
our old notions of wagons and cars appear absurd in comparison, — 7 
especially when 6 tons, or even 1 ton, of dead weight for each 
has has been demonstrated that a heavy steam locomotive and train 
} ean travel upwards of 100 miles an hour, with all the disadv antages sofa 
q tremendous load not on the drivers, and a degree of uncertainty as to 
whether or not the train will stay on the rails. — If, however, such a 
: train could be made safe ‘upon a surface road, at the speeds under con- a 


limitations of speed in to ote steam the ‘ports 
_ quickly enough and in working reciprocating members—as pistons, — 
2 connecting-rods, | ete. These limitations do not exist with rotating 


- quent, developed at first over short distances between san large cities. 
- Should we succeed i in n adapting to the axles some form of suitable roller- 


we will s save as much pow power as "possible under the circum-— 
ne ‘stances hy Should we, further, be fortunate enough to find it practicable 
an ‘ to ane our wheels with rubber tires, or some yet to be discovered 
equivalent, we then might get a smoothness and quietness of running 
which would indeed proclaim the advent of the ideal railroad. 
os One reason why « electricity works better upon steep grades is that, 
with the best modern systems, every W heel i in the train can madea 
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380 } DISCUSSION 0 ON ELECTRICITY VS. STEAM FOR RAILROADS. ‘ 

we. ‘smith, weight of a locomotive, and yet have sufficient traction. With a steam 
_ train we not only have the cars very heavy, especially Pullman cars, =. oe 
butt we have the big locomotive itself to drag up grades, with only the e a 
@ adhesion due to the weight of part of the locomotive, such as happens 
to be on the drivers. i is evi idently very different from being able 
bY a to have a very light train and making every w wheel a driv er, with hn 


of the train and contributing its share of adhesion 
‘Mr. Reed. ie B. Reep, Assoc. M. Am. Soc. C. E. —tThe discussion, up to thin 


point, has referred ‘mainly to o passengers. The q question. of carrying 
freight in combination with passengers, upon electric lines, should 
be discussed. Generally speaking, it has been found that 
short distances passengers can be carried more comfortably and more ks { 
> wl cheaply by electricity than by steam, but in the carrying of freight alae a3 
little has been done by electricity as s yet. ‘That i is a feature which will 
_ _ When freight is to be carried over passenger lines by electricity it ‘ 
 # will have to be taken through city streets, or at least over highways, ae 
and the rails should be designed to meet conditions of electric 
ears which have. shallow flanges; freight cars with deeper flanges, and : 
a which vary more or less in gauge, requiring not only a deep oe 
but a wide flangeway; and the vehicle 


vison, co S$. Davisox, M. Am. Soc. C. E.—About 8 or 9 masala the 
Speaker was in charge of the con struction of a small branch line near 3 
o a Pittsburg which was required to connect a small manufacturing town 

. with the Pittsburg and Lake Erie Railroad and the Pennsylvania lines. ee: 
It was an independent corporation, ‘cont rolled by manufacturers in the 
¥ town, and it was equipped at first with steam power. - The president ees 
“é of the company conceived the idea that with such cheap fuel as is to i - 
be had in that neighborhood, and i in view of a proposed change in the — : oe 
future from steam to water power, ‘it we would be proper to operate 
this branch by electricity instead of steam. He experimented slowly, - 3 

= a. and equipped the line as a trolley road, but separated the passenger i 
and freight traffic, and carried the former by electricity and the satiee a 
‘The speaker does not know the results: of the operations of this 
— company, but judging from later occurrences he believes that the 
s separation of the passenger and freight service was found to be a 
‘ nrg In this case the company had sane conditions for cheap _ 


Bis. The road was : afterw ard purchased sie the Pittsburg and Lake Erie 
~ Railroad Company, and is now being operated as a branch of that 
- road. The company, on acquiring this branch line studied its opers- 
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ine in part or as a whole, or whether it should be 4 
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steam road. As the electrical equipment was discarded and as the Mr. — -3 


goad is now being operated by steam, it may be assumed that elec- 
or i tricity was found to be ‘uneconomical. - The causes which led to this 
change are not known to the speaker, but he suggests that possibly 
the trolley equipment might have been found very inconvenient when > 
~ operating the road by steam as a freight line. The third- rail system — 
may prove to 1 bes more practicable than the trolley in such ec: cases, but 
_ the latter must be excluded on account of its inconvenience. — 
In the vicinity of Pittsburg there is a large mine which is operated 
a for some 7 miles back from the point where the coal is brought to 
_ the tipple; the means of bringing the coal | to the opening t eing 
virtually a small branch railroad. through sever 
a tunnels and has been operated as a steam railroad for a number of 7 
a years. At the present time the first 5 miles of the road is being We 
operated as an electric line, using the trolley system, ond on the 
i = remainder of the | line, next to where the coal is brought out to. the 
tipple, steam locomotives are used. The | owner stated that the « opera- — 
* tion had been planned in that way, and that they had been justified — 
- in hauling the coal the first distance by electricity, because the use of 
steam locomotives i in the mines was detrimental to the health of the 
. men. ‘But, taking full account. of the cost of installation, | power, ete. _ 


7_ they had not found that it would be cheaper or better to continue the — ; 
oi The fuel of this power station is delivered directly from the mine 

S into the boiler house, and yet, on the 5 miles ‘operated by electric city, 

ce; set aving « on fuel is so small that the expense of an electric equip- 

= z ment for the remaining 2 miles would not be justified. = ne aa 
se. ae the topic for discussion refers only to the operation of branch 


roads, in connection with & main » Tine, Mr. Smith’ 8 _ Proposition to 


able as it would the « equipment of. every car of the trunk 
line so that it could be used on the branch. 
— Warrer L. Wess, Assoc. M. Am. Soc. C. E.— _The relation of grades Mr. Webb. 


‘to the » question of steam or electric operation has not yet been touched 


upon in this discussion. On a steam railroad, a grade of 2% is con- 

a) sidered steep, while 4° marks almost the limit of working on such 

hs — yet on many of the electric railroads in the United States there 7 

3 ’ grades of 10% and even steeper. . On steam roads whic hich are steep 

hi ome places and flat in others there is a great waste of power. This 
occurs, not on the heavy grades where the engines are hard worked, ‘ 


bat on the where ‘the great reserve power—at 


4 heavy | at On an road ‘the omount of pow power used is 
a almost proportional to the work to be done, and this 1s an stormed 
Ona railroad in a mountainous region 
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Mr. baldwin ILLIAM J. Baupwix, M. Am. Soc. C. E. many States the 


“a necessary for a steam road with its requirements of low uniform grade a 


and to use freely very — desirable. Assuming a monks 


steam into the interest on the cost 
of the construction and installation, and the expense of operation, and 
a this will be true for these reasons alone, to say nothing of of the possible — se 
"4 economies consequent « ona utilization of -water-power. 


Mr.Croes. J. James R. Crozs, M. Am. Soc. C. E.—The economical P< 
of power, either steam or electric, implies a constant and continuous 
operation of the generating plant. ; ‘When variable power is needed, a 
- - the generating plant must be constantly operated at its maximum © 


efficiency. When the work to be accomplished can be distributed _ ‘Zi 
_ over a continuous period of 10 to 24 hours, the power can be more 3 


economically generated by an indirect application through ‘stationary 
_ plant than by a direct application of the fuel to the motor, as in the 
_ steam locomotive. Where, however, the work involves a spasmodic 
application, occupying only a limited amount of time, at irregular 
; periods during the day, the generation of ‘power by an independent 
- % motor, capable of producing i in itself the power - needed, is more co 
e, [= and more economical than its production by a central plant. 
«Steam power at the present day can be generated spasmodically | Be 
more efficiently than electric power. . The requirements of railroad 


© _ service « on a line of limited traffic a are » spasmodic, reaching a maximum 


a, average ‘effici iency required of the generating electricity 
not be applied more economically than steam. At present, it seems to 


the speaker that where the work is spasmodic, steam power is, and must 
be, more economical than electric pow for 


_ warming of cars is obligatory by law, and the cost of heating should a 
_ therefore be taken into consideration in a comparison of railroad 


~ found that 28 ft. of steam- -heating s surface will condense about 7 Ibs. A 
of water in an hour, or about 0.25 H.-P. The electric . heater, prac- 
= the equivalent of the heating surface mentioned, required — 

between 6 and 7 electric H.-P. ‘ The result of this test indicates that 


s warming by electric heaters sequires 27 or 28 times the the horse- ee 
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DISCUSSION | ON I ELECTRICITY ‘vs. STEAM FOR 
q D.C C. Jackson, M. Am. Soe. E.—There is no mystery about this Mr. 
matter, and Mr. Croes has | well stated the case. _ It is more economical i. 
ona more efficient— to generate por power for operating a railroad or ors 
of at a central station when 


able traffic are it is more 
llecuiaieldl to operate a railroad by steam locomotiv es. If a plant of 
e A 000 H.-P., installed to operate a branch railroad with freight traffic, — 
we 22 is called on for its output for only 3 hours of the day, 24 hours of in-— 
- terest charges lie against the 3 hours of output. There are at the 
ae tation, daily, possibly 10 hours of full labor and 14 hours irs of one- half 
sor one-third labor, and if this is charged against the 3- hour output, it 
i= makes the cost of operating the station, per horse-power hour, — 
- enormous. Whether or not, electric power may be economical in \a-egll C= 
_ cases is, as Mr. Prout has said, a matter of the distribution of traffic. 
These’ remarks: apply equally to electric: “power plants where = 
prime power is derived from steam engines or water wheels. a The — 
ae ig cost of development of a water-power plant will often cause an | 
excess interest charge which is equal to the cost of fuel ina steam 
to. do the work, and the small water- 


at 


= 


‘The case of a main- -line feeder, as put by Mr. Haines, is a special 


case se under the proposition, and some circumstances it 


These assume a number main- n-line feeders, 
_ reasonably near a given point, so that the entire load of all these 
branches may be carried by a central station, using a fairly high trans- 
mitting pressure. The traffic should be broken into units somewhat :) 
smaller than w ould be operated ordinarily by stones power direct, and 


a will be ong simultaneously o over each of eal branches, the 
speaker doubts if pow er, from the point of view of and 


Referring the for the electric of cars, some 
ea the western electric street railways make provision f for turning into Min 
* heaters. during cold weather, as muc hp power as is required to move 
In other words, in very cold weather, a station output of 


double that necessary to handle the cars is 


aS) _ that when the traffic on the railroad or the load on the motors at the > nan er ae 
manufacturing establishmentsis continuous, the demand on the central 7 
station for power is continuous, and the cost for interest andlabor per 
“= 
| | 
q 
J 
‘ 
may be fairlv well loaded during at least 12 hours Tf the schedules | 


SsION ON ELECTRICITY VS. STEAM FOR RAILROADS. 


Mr.Lindenthal. Gustav LINDENTHAL, M. Am. Soc. E.— 


‘ 
od _ A railroad train in descending a grade wastes power in grinding ets 
brake shoes, and heretofore this power has not been stored in any 
form. it is possible to generate and store that pow er in the fo form ts 
a electricity, which can be used again in hauling trains or cars up an 

ie grade, or for lighting or heating purposes. The speaker 
believes that the feature of storing electric power should have an 4 4 
important bearing in any comparison of the economies of locomotive — 


and electric traction, particularly in ‘mountainous “countries 


ir. Wegmann. aRD Weomann, M. Am. Soe. C. The e speaker objects t to = 
statement that can ‘used on electric tramways than 
os ordinary steam railroads. While it is undoubtedly true that Pe 
steeper grades are used on trolley lines than on ordinary railroads, 
this difference should not be credited to electricity as against steam, . 


to the placing ofa motor under each car. Ifa steam engine 


Wee 


Be _ applied to a car in this manner, the car could be driven up any of the a a 

4 grades to be found on trolley lines. 

Before any trolley lines had been constructed the speaker had 

‘4 two or three years in assisting an inv ventor in in developing and introduc- a 

ce ing a steam street car, which was run successfully in Brooklyn. This e eS 

ear, which was propelled by a small three-cylinder steam engine, placed 

ts <a between the axles and suspended from the car frame, was able to run = 

“s While such a car car might be used to advantage, where only a few swtrips aay 

to be each day, it had several with = 


In the case of pulling a train by a special ‘motor, the ‘ie 

- could be overcome depended, as was well known, o the weight on the a } 

. 9 driving wheels, the rolling friction of the wheels, and the weight of © ‘2 

the train. It made, therefore, nc no ) difference as regards the a 


Ww hether steam, electricity, compressed air, or any other motive power — 


‘Roper Moore, M. Am. Soc. C. E.—Each . particular case of this a 
kind considered itself. In the case indicated by Mr. 


AGES of the trolley sy ystem is that men of intelligence can 
b 


Important Teature Is Whe Store electric power. in recent 
— several electric power plants have been so constructed that, when 
‘running at a uniform rate, the power generated in excess of current é 
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~ those in which the railroad company would be required to install the e ail 
_ plant, and bear the cost of the current whether it were being used or i 
not. Therefore | a proposition which wo would | cover all cases might be ” 
very delusive. So far asa general ‘proposition e: can now be made - ~ - 
must be substantially as indicated by Mr. Prout. 
ay ES. When the conditions are those of an urban traffic—a very large ea 
number of small tra: trains—electricity abundantly "demonstrated its 
superiority over every other» form of motive power; but when the 
-_ gonditions are very different from those of urban traffic—when the © 
trains are infrequent or heavy—the speaker doubts its economy, and 
sees DO indications that it is likely to be economical in the near — 


Regarding economy | for the motoron 
heavy grades, the point cited by Mr. Wegmann is a sufficient answer. 


= power is developed only by the traction of the driver on the rail, 


ve and that is a function of its weight; thus, there can be no saving in 


that respect. But there is another point which should ‘not be lightly i 
2 regarded, the great danger, in operating on very steep grades, of the 
failure of brake power. Any such failure means disaster, as many 
_ who have had occasion to operate heavy grades well know. a bed 
In fact, if, with a possibility of doing otherwise, 
: oKietp to use heavy grades, the best advice to follow is that of 


steam The power r of a locomotive depends upon its adhesion to 
the rail, it makes no difference whether the power is steam or 


of, the kind of traffic, to to one more 1 familiar with 
than with railroad work, it appears to be a matter of 
saving, not 20, 40 or 50% of the fuel, butallofit. Ithas been pointed 
3 _ out that electric power makes its best showing in the mining regions, 5 ~ 
and one of its chief f advantages & seems tc to be that on steep grades .. 
requires less dead weight than steam power, a an important point in 
= 7 regions where steep grades are unavoidable. In mountainous regions 
a the railroads, both main and branch lines, follow the streams, some- 
times of heavy fall, where water power can be developed cheaply. In- 7 
y cases in the West a water-power plant would not be chargeable 
with the total expense of the development, for whatever r of diversion _ 
works and storage facilities are required are equally available as parts | : 
of an irrigation system which will receive the water after it has been bi 
Two lines of railroad extend up the of the Arkansas River, 


F 


— 
2 on an electric road can he steener st the mr. Buchholz, 
4 
: 
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which might be utilized by the electric system to move those pala 
and heavy trains. . Undoubtedly, the time is approaching when a a 
8 great saving can be made i in equipping with electric | power, not oy: 


and the utilization of power in railroad 

- methods are improved, and as railroad traffic in such regions increases, -*- 
the advantage of electric over steam power will be demonstrated with 

_ a definiteness to which the probable advance in the Te of fuel ej 
will add its contribution. fi 


Hares, Am. ‘Boe. E .—This question was suggested by 


because he to obtain from of the Society an authentic 
¢ expression of opinion as to how far, in the present state of the art, it 
__was advisable to substitute moakeeny for steam as a motive power on 
branch lines of steam railroads. = 
If felectricity i is used on brane h lin lines it must be used in in connection 
a. with the vehicles in which passengers and freight are. transported on 
_ the main lines. It is not only desirable to ascertain what can be done 
: with electricity under this aspect of the case, but also what cannot be 5 
done. There i is one general proposition that all will accept, viz., that ae 
_ in the present state of the art there is no doubt that electricity can b be 
economically substituted for steam on a branch of a steam railroad e 
A where there are single units of transportation moving at frequent inter- — 
vals, because the power can be used uniformly and continuously and — 
because a large plant: is not t lying idle for the greater part of the 
i state the cases in which electric transmission cannot be aj applied, ~ = 
7 a. a process of exclusion must be used; therefore, let it be said that i 
can be applied economically on branch lines for suburban purposes. — 
It that is the case, it strengthens the steam m railroads | which have 
- suburban branches competing with trolley lines. This seems to have 
— the idea which has prevailed in the minds of the management of a 4 
some of the principal railroad systems operating out of large centers _ 
population. The speaker recently had occasion to talk this matter 


_ over with some of the principal officials of the New York, New Have 


and Hartford Railroad, who have probably had more experience in this 
matter than anyone else; and the impression received was that des 
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ae ss Mr. Davis cross the Rocky Mountains and followthe Grand River down onthe __ 
other side. There, where coal is much more expensive than inthe 
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way, and they are extending the ‘There is one point, 
however, which they have i, and that is, the con-— 
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di es the next question is: Can it be used on branch lines under =~ 
conditions? Judging from the preceding discussion the speaker — 
( _ believes that electric motors might be used to gteat advantage on 


= branch lines in a manufacturing district, even fo for 


rq 


J. a line running into a rural district it would seem hardly practi- 
cable to use electricity, w unless, as Mr. ALP. Davis: remarked, water- 
power r could be obtained. That \ was one of the conditions in the c case 
which was being considered by the speaker. The main line was for 
— some miles parallel with a stream which it was intended to develop for a 
ae: manufacturing purposes; but the line ran along a ridge and the water-— 
= “power was down in the valley. . If branch lines could [be run d down n into 
valley the water- -pow er there could ably be “used more 
economicallythan steam, 
The speaker need not discuss the question of heavy grades, as that 
been covered so well by Mr. Buchholz. . Unless by the use of 
electricity the traction can be made stronger the mere adhe- 


sion due to the weight of the locomotive, that question need not be 


subject for discussion seems to be confined to the application of electric 
a motive power to branch steam railroad lines, the members speaking 
a - on this subject, at the , Annual Convention, June 30th, 1899, are evi- 
dently interested in the problem as pgerecy and hav re mot nol 
themselves to “branch lines. ” Claiming the same privilege, the 
in writer transmits the following as possibly throwing some light on the 
_ future development in the use of electric traction, not only on existing A 
steam railroad lines, but for new high-speed interurban transporta- 
Reversing the usual order, some of the writer’s conclusions are 
a given prior to the discussion, in order that each step may be followed _ 
more readily. The figures and tables may be found to. have > some errors 
: of which the author will be glad to be advised), and, in many cases : 
re only approximate; so that they must not necessarily be treated - f — 


= 


wy 


| 
x 
y 
2 
a 4 
a 
| passenger lines; except that it may be applied where power, for certain 
reasons, may be obtained more cheaply than by means of the _ 
4 
- 
— 
— 
ra | 
m- canbe reli i i 4 


: gage and light local freight carried in said suburban and interurben 
_ passenger trains, by electric motive power; and this, irrespective of ‘ 
operating expenses are affected favorably or unfavorably. 

) Steam railroads will not, in the near future, emery their freight i 


senger traffic by any other motive power steam locomotives. 
) Steam railroads may, under exceptional conditions of large 
volume and great density of passenger traffic over distances longer 
than under (1) and shorter than under (2), handle it by electric a 
power, but such cases will beinfrequent. 
(4) New railway lines, connecting very large centers of octal = 
where frequent service at much higher speeds tha than can be attained 


1. (a) Where units can be light 
over comparatively short distances. 
(6) Where gross receipts can be so increased by the change © 
of aa and mode of operation a as to. ) pay for the i increase 
investment and possible increase in operating expenses. 
Mes (c) Where competition of parallel electric roads compels the _ 
. change, to save what traffic there is, irrespective of how operat 


In the future development of steam railroad systems: they wil 


ommelae be operated jointly with surface electric railways, eithe dive 
actual mutual ownership or by contracts, ete. 


Prout properly defines as “traffic conditions, 


Laws of ‘Passenger Traffic, 
The | laws wee passenger movement are not well eh and many 
: of them are illusive and hard to determine; the causes of loss or gain 
~~ are often largely a matter of individual judgment, so that the follow- 
_ ing outline of them must not be taken as in any way exact. a 
People travel fromj one place to o another from (1), necessity, and and 

4 They are induced to travel more or less often according to: a , 


— 
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q ~~“ of — of the United States 
“ Massachusetts 
.% Total Urban P Population of the United States 
. Percentage of Urban to Total Population of the United States 
. Total Population of New York,New Jersey and Pennsylvania 100 000 


‘Served by N.Y.& P.R.T. RR__ 


8 8 


Total Miles of Track-—- 
otal Population of the United States 1000 
1 
| 
if 
| 
_ 
al 
— 


“Mr. Davis. Place of Beginning.—As the total cost is seduced, travel, due to both . a | 
fundamental causes, is increased; presumably less rapidly than the 
; ‘ total cost falls. Note that the important factor to the passenger is 
total cost, and not cost per mile traveled. 
7 2 Total Time Consumed in Making the Round Trip. —As the total — = 
time consumed is seduced, travel, due to both fundamental causes, is 
increased, presumably less rapidly than the total time 
_ of transportation is not primarily effective in inducing travel, for it - 


makes no difference to the passenger r whether he be carried 80 miles in 


Total Conveniences A frorded the Passenger. —These may be divided 


(a) Proximity of departure | and arrival ‘points — to ‘possible — 
‘passengers. Asa leave-at-your- -door ” service is approached, 

| passenger traffic i increases, but according to no known ratio to @ 
distance. - Wellington laid down an approximate rule of loss of 
natural revenue for steam railroads of 10% per mile of removal i 
from center of population as a minimum, 25% per mile a8 an a 
* P ordinary m maximum and amuch larger per percentage of loss, or even = a 


a. total loss, under certain conditions. Electric street railways have 


___- profited more by this kind of service, which they offer the public, 2 
7 a from any other reason; in furnishing it they give frequent 2 q 
*4 and quick service, both of which are of the greatest importance — a 
their effect on passenger traffic. Much less than a mile, how- _ 
ever, will make or ruin the passenger traffic of a street railway. 
a) (b) Frequency of the service. As the number of trips in- _ ; 
4 Greases, 80 will the passengers, but less rapidly than the head- at 
is shortened. A frequent service means less ‘ ‘total time” 
(c) Character of terminals, “stations, roadbed, equipment, 
and, in fact, all physical characteristics. That transportation - 
system which offers, at the same rate and time, better physical - 
conditions, which give comfort or even luxury to the passenger, ag 
h ~ will not only secure competitive traffic, but induce that which a 
Total Population.—As the population served increases, the pas- 
ne trips per capita per annum increase, and somewhat faster than if 
_ the inhabitants, ‘unless modified by density and distribution. SS 
Density.—As the density increases, it is probable that the rides 


> 


per capita per annum also increase, but whether more or less rapidly - iy 


6 Distribution. —A “Along, nat narrow town will give m more re rides capita 


a DISCUSSION ON ELECTR VS STEAM FOR RAILEOADS 
— 
— ve 

— 
— 

— 

= 

i 
— 
— 
— 

| 
4 
| 
— 

| 

| 
| 
— 

* In an earlier publication the writer expressed the opinion that the iy 
= rapid than the density, but wishes to leave this open for further investiga 
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_ the passenger traffic, but probably according to no fixed laws, and cer- 
tainly according to no o known laws. A 


d support they may ‘obtain from the followi ing discussion. 
_ Any management of a steam railroad, in considering the question 
_ of adopting electric traction, will naturally turn first to data on operat- 
_ ing expenses, for, if its use should lower the cost per train nh OF car- -mile — 
- enough to more than pay interest on the investment, then it would 
_ be of advantage, even though there were no other inducements, such 
A as increased traffic. While comparisons might be made betweenthe 
_ operating expenses of steam railroads, which are now well known, and ong 
oa such electr ically operated roads as the Chicago Elevated Railways, 
- or the third-rail lines of the New York, New Haven and Hartford — 
: ar Railroad, yet there are disadvantages in doing so which outweigh a 
_ the apparent one of more similar conditions than exist between the 
7 ordinary street railway and and the steam rs railroad. If its should appear 
a that the operating expenses of electric street railwa: ays per car- -mile — ee 
4 are less than the cost per car-mile operated on steam railroads, . 
one can be certain that operation, applied to the 
will result in reduced expenses. Whether or not this reduction 
will be enough to p pay for the change is another question. . For these a 
reasons, a comparison between the street ruilways and steam rail-— 
7 roads of the New England States has been taken as a basis in on 
To exhibit the relative merits of the two of installations, 
the following divisions are e arranged in tabular form and are on 
in order. The prefixion of the word electric” or steam ”’ indicates 
that the item belongs exclusively to one or the other system and has 
j Ine comparing the steam and electric roads of New England, wo 
are more likely to arrive at correct conclusions, as the population + a 


if 


‘more dense, the miles of road greater per square mile, there are many . 
more examples to study, and the statistics are more accurate and 
“reliable, and cover longer periods. ‘The word ” is used 
designate a “steam m railroad,” while “ Railway” always” indicates an = Be 
“electric street railway,” following Massachusetts precedent; the — Br 
_ difference being that the former operates on its own right-of- -way, a 
while the latter occupies the Public highway. ‘This distinction | is 


steam, electricity or any other: motive. power on ite own right- of- 
way is a ‘‘railroad,” and one operating on a ‘public highway is a 


“3 

7. Character of the Industries and Population. — Ay 
industries and the kind of population must have 
i 
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‘Multiplier for 
--L. Total Miles of Track 
A d 2. Annual Increase of Mileage . 
Capital Stock, in 
Bonded Debt 
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FIRST COST. 


(a) -OF- -Way anp Estate. 


Construction. 


a and surveying. 
Clearing, 

3. Grading, ditching, etc. 
4. Tunnels. 


Fencing, cattle. road- crossings. 
. Ballasting. 


8 Ties. 

9. 

(Electric) 11. Railbonding, 


(El ectric) 12. Overhead- trolley line, third rail 


(Steam.) 1. Locomotives tenders. 
- (Electric) 2 Motor cars or electric locomotives. 


8. Passenger cars. 


(Electric) Electric feeder lines and ground-return circuit. 


Central power stations (not which 


(d) (GENERAL. 

2. Interest on bonds, to opening of ro 
3. Taxes, to — of road cr 


) MansrExaxce AND RENEWAL OF Way ax AND Wonss. 
1. Repairs of earthwork to subgrade. pa 
2. Repairsoftrack, 2 
3. Repairs of fences, cattleguards, crossings, ete. 
4. Repairs of ground-return circuit. 
_ 5. Repairs of overhead-trolley line, or third nai 
_ 6. Repairs of electric feeder lines. 
7 
8 
9 
0 


. Renewals of rails. | 
Renewals of ballast. 


of or of of third al rail. 


— 
— 
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oN ELECTRICITY 


11. of trolley, or third rail. 


(Electric) 12. Renewals of feeders. 


{ 


= 9. Use of passenger and cars. 


(Steam) Locomotive services (mem)... 
{Blectric) 11. Motor car or electric services 


12. _ Passen er- -train services (wages). 


. Agents and station services (wages). 
‘| Telegraph. 4 
4. Taxes, 
5. General officers and ¢ 
6. Legal. 
8. Stationery and printing. 
9. Agencies and advertising. ere 
10. Contingent and miscellaneous, not included above 
2 AccIDENTS, Loss AND 
2. To passengers. 


3. To property owned. 


To propert not owned. 

4. To prox 


1. Interest on 
2. 


7 


Passenger receipts. 
. Freight receipts. 
8. Miscellaneous receipts. 


a 
— 
> 
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and then a change of system on an existing 
_ The first cost of (a) ‘‘ Right-of-Way and Real Estate ” cannot be — 
_ affected by any particular motive power unless the use of electric — 
traction permits the use of sharper curves and heavi ier grades, 
avoiding cuts or fills. Whilea coupled locomotive 
inereases ‘‘ curve resistance,” this is not sufficient to be of any pa 
moment. 9 ‘It electric motors are applied to every car axle, then trains — 
of the same weight, moved by electricity, can surmount heavier 
grades than with locomotives or can pass over the same grades mdi 
_ higher speeds. Hill climbing is a matter of traction between driven — a 
ee od and rails, and the sustained horse-power of the motor _ 
locomotive. With the power applied to every axle, there is no part a 
_of the load which remains ‘unutilized for traction, but this cannot ee 
done by the application of steam, and has, as yet, been only partially 
- successful with electric motors. With the latter, their maximum 


g 


; — _ power can be called upon for an indefinite time, because they do not _ 

- i. give out at the top of a long, heavy grade. 4 This advantage of electric 
traction i is, however, only apparent; first, because long trains are not 

be yet satisfactorily controlled where motors are put on every axle, and 


short trains of two to five cars have only half the axles supplied with a 
_ power in present practice; and second, electricity pee confined to 


small, and furthermore, if they are not avoided the mon’ in time would — 
result in a correspondingly larger loss of revenue. 
Under (b) Construction ” we find that items 11 and 12 apply to 


electric traction only, while there are no items applying to steam- 


locomotive traction only. These items might have been placed under — 
> the heading ‘i equipment,” as part of the oy necessary in peak: 


traction to 
This. phase of the be discussed the 
“equipment. The engineering of an electric line might cost more 
than that of a steam road, but not necessarily; if the chief engineer = 
wae a competent railroad man with a thorough knowledge of electrical 
engineering, the cost would be the same; otherwise it would be 
increased by that amount paid an assistant engineer with "special 
electrical knowledge, unless the line was costly enough to warrant 
assistant engineers, one of whom could be versed in 
The cost of surveying work, consisting of reconnaissance, explora-_ 


line (“shoo- fly location, and their mc modifications 
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“Dividends on Capital Stock, in Dollars 
4. Gross Traffic Earnings per Mile of Track. in Dollars ~~ 
* Interest paid on Bonded Debt... 
“Gross Earnings per Revenue T Train- Mile (Oar. “Mile ), in 


_EARrninas OF STREET RaAILWays. 


Fen, 


(\ 


Ei 
> 


| jo 


cases under discussion for any specificexample. Thecost ofclearing, 
grading, | ‘ditching, tunnels, masonry, culverts, fencing, cattle-guards, 
_ and those parts of the system pertaining to these general items, is not 
affected by the choice of system. It might be thought, at first, that — 
the cost of masonry would be affected if lighter bridges and trestles eo 
could be used with electric traction, but the weight and size of | 
-- Masonry abutments, piers, footings, ete., would hardly be affected by _ & 
eS slight changes in the mov ing load, for r they are » much more sg 
7 dependent upon the weight of the earth embankment which — 2 
_ Support and the character of the ground upon which they are built, __ 
together with their height and length. If they perform all their other — 
_ functions according to the best engineering practice, they will usually 
7 be found far: more substantial than, theoretically, they need to be, i in sl 
br. > a order to uphold the weight of the superstructure. Road crossings :.* 4 
end 4 will be the same; (the additional cost of connecting a “broken” 
third- rail system being included under item 12.) 
— the design of bridges a and trestles, the principal simidaie which © 
' 4 determine their cost are the span, dead weight, live uniform-load, a 
concentrated live-load at head of trains (locomotive and tender) the 
— speed of trains, and the ‘‘hammer-blow ” of the reciprocating parts ae 
yo ag of a steam locomotive, espec ially when it coincides with the period of Sa “ 
oscillation of a bridge (very objectionable on bridges which are 
light). Electric motors, either geared to the axles or gearless (con- 
= centric with the axle), have a rotative motion, and therefore do not a 
4 produce the ‘‘hammer-blow.” Owing t to the peculiar construction 
= c the electric locomotive or motor car, & greater proportion m of the total 
ee weight is on the driving wheels than is the case with steam loco- | a 
a motives; therefore, with the same tractive effect (weight on drivers), ee 
the use of electric locomotives or motor cars reduces the moving 
weight at the head of the train, and the weight of the tender i is saved a e 
by the use of electricity. _ These three facts, theoretically, would . 
4 enable bridges and trestles to be built lighter for roads using electric _ 
4 motors, providing the loads were not concentrated upon a smaller — 
a... wheel t base, » were if it not for the fact that the necessity of providing for 
i constantly i increasing , weights practically offsets the theoretical sav ing ig 2 
which might be made. If motors were used on every car of the train, — ag 
2 such structures might be designed so as to be lighter and less costly, 
ss put, for reasons stated, this is unlikely. In addition, if freight — 
ay «i service sh should continue to be handled by locomotives or on the same a 
q tracks or adjoining ones, lighter bridges would not be possible. 7 4 ees 
‘The cost of ballasting, ties, rails and track-laying, lining and 
= surfacing will be the same in either case (drilling rails for bonding is _ 
covered by item 11), although a small saving in maintenance of these 


items is Possible electric traction under mt total 
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. Percentage of Expenses to Gross Earnings 
. Interest Paid on Bonded Debt__ 
Dividends “ “ Capital Stock 
. Gross Earnings per Revenue Train-Mile, in Cents_ ____ = 


— 
ait. 


Pact Mr. Davis. expense’), which indicates that the first cost could be reduced for the 


- same cost of operating; yet, as this would be poor economy, the cs: : 
. ‘a quality, weight an and general character should be ‘the same i in either a 
; case. By the use e of electricity it might, at first, a appear that the signal 2 
: ae and telegraph system would be reduced in first cost, but the only Bar 
possible saving would be in the source of the current used, , which 


: >= forms so small a percentage of the whole that for our purposes an = 


Stations would cost the same under similar conditions, whether 


road, yet these are no doubt balanced by round he houses, coal stations, “es 
water stations and the larger ‘machine shops required for steam pono . 
tive repairs. Terminals will cost the same, whichever system is used. 
. So far, we have found that the first cost of construction is substan- ee 
tially the same, whether steam locomotives or electric motors are used, — : 2 
but, if the latter are adopted, some additional work is necessary, — ee” 
namely, (11) r rail | bonding and (12) overhead-tr trolley line or third rail. — a 
It will at once be seen that these items add considerably to the cost a 
" construction of an electric road, as compared with that of a al 
operated by steam locomotives, 
As an example, which will show, in a general way, th the increased — : 
cost of electric- traction construction, let us assume, without 
pretension to exactness, for each individual case will differ in — = 
amount of increased cost, that the line is single track, one mile long; = 
average speed of trains (including stops) 20 miles per hour; headway, 
i one ‘minute; length, six cars (one being a motor car) ; total weight of of a 
a train, 200 tons when loaded to ultimate capacity; rails, 90 Ibs. per 
yard; average nominal horse-power, 300 per train (will exert 450 H.- 
P., or even more, if required for short periods); total maximum te 
average nominal horse-power per mile of track (one way) at above BS 
: headway, 900; average loss in transmission, 20%; assumed average a 
nominal horse- -power at station, 1 125 (allowing for loss and enseratns 
; a surplus power), located at one end of the line. 
_ tions, we have the following | approximate additional cost for ndienie’ 
tion, if electricity i is used. The electric return circuit would 


+ 


70 cents each bond, or a total of $497. To this must be added the 
-crose-bonding of the lines of rails, which varies much in practice. For 
our case we assume thé that this is unnecessary, if the bonds at the joints 
8 are properly made, and maintained with the care displayed on — 
; parts of the system. The overhead-trolley line would be of iron 
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Receipts per Carried, in Cents 

“ “ Train-Mile. (Same as Curve 8, Fig.4), 

“ Mile of Track. (Same as Curve 4, Fig. 4). 


if “a Number of Passengers Carried per Mile of Track. - ae 


11. Passenger Rides per Capita per Annum _ i a 
12. per Capita per Annum, in 


PASSENGER TRAFFIC OF Seamer Rasew AYS. 
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Mr, Davis. poles, center- construction (assuming that there would be a double 

_ track); trolley wire 423 200 circular mils; poles set every 100 ft., each 

_ weighing 1 300 Ibs. (30 ft. by 8ins. and 7 ins. and 6 ins.) set in concrete, 

would cost for one mile, approximately, $3 237 (one-half of poles with © 
and feeder etc., at $50 each; — 6 748 8 Ibs., 


) Rail case the cost of ground- 


return circuit is an extra cost 


ok 


ae: Ifa a third-rail system were used, which is probable where the road — 
is. on its own right-of-way and where high speeds and frequent service a 
“et are necessary together with longer and heavier trains than the single is ” 
= of a railway the increased cost be ‘approxi- 


$497 


(1 1) 
(12) 70.7 tons 90-lb. third-rail, special section, at $30. 2121 
ey 


§28 treated wooden supports at = 
> 


joints at $3 


Total extra pe for third-rail electric 


‘The difference i in of ‘the overhead trolley ‘must not. 
be assumed to exist generally; accidentally, it happens to be less i in ane 
the first case than in the usually, on long lines with 
dense traffic, the reverse would be true. 
_ There being no items applicable exclusiv ely to steam railroads, to a xe 
balance (11) and (12), it is seen that the first cost of construction | of an 
electric road will be greater and that this increase will amount to 
several thousand dollars per mile of track, depending upon the 
conditions existing ineachcase. «= 
ee Under (c) ‘‘ Equipment,” if the road is to be equipped to ee 
freight trains by electric power, , there are two possible ways of doing z 


805 first, by using the preseni style of freight cars and hauling a 7 


_ by electric locomotives; or second, by equipping each car with motors, — 
_ thus making each an independent unit. The latter would only be 
feasible could the units be together a and controlled at 
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Multiplier for 


Gross Passenger Earnings, in Dollars 000 000 
Receipts per per Mile Carried, in Cents 


“ ‘Train-Mile, in Cents 

: “ Mile of’ Track, in Dollars_ 

9 Number of Passengers Carried per Mile « of Track__ _ 100 
. Miles Traveled per Passenger__.___ K 
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iplier for 
Vertical Scale. 


Bonded Debt, 


_ Capitalization, 


‘Per Mile of Track ned, in 


. “ Dividends on Capital Stoe k, in Dollars........ 
4 4. Gross Traffic Earnings per Mile of Railroad, in ‘Dollars. canon 


of Expenses to Gross Earnings... 


ies 
CURVES From | Fia. 6. 


8 Mile of Railroad (Same as Curve 4, Fig. 4) 
= Number of Rassengers Carried per Mile of Railroad 

. Passenger Rides per Capita per Annum 


12. Rees Receipts Capita per Annum, in Dollars............. 


head « of the train; but imagine , interchanging and ‘making up a train 
of 50 to 100 cars arranged in this way by any present known mode of 
electric equipment, control and propulsion; no arguments seem 
necessary to show the folly of | attempting it it to-day. _ ‘The only “ee 
feasible method is ev idently by electric locomotives at the head | of 
such trains. The best practical example of this mode of operation is a 
_ given in the Baltimore Tunnel] of the Baltimore and Ohio aired 
where 100-ton electric locomotives haul freight and Passenger trains, 


together with their steam -locomotiv ‘They do the work satis- 


rare 


at 
“=  factorily, but the writer has seen no claims advanced to show that - 


they are economical; in fact, the only defence for their use is one of 
cleanliness and ventilation in the tunnel, which is more satisfactory to’ } 
"passenger traffic, and ut undoubtedly "attracts and stimulates it. The 
installation cost, if the writer’s memory serves, over $2000 000 for afew z 

— miles of track; so that the interest on this sum is much more | 

enough to offset any saving in , ifeven the latter can be shown. 

; This i is extremely doubtful. | ‘Such an investment could not be justified — 
- on any grounds if only freight were handled, although it may be by: ~ 2 s 


increase in the traffic. Freight tr ains are slow-moving, heavy 


paratively infrequent intervals. The effort of all steam railroad man- 
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4. “ Bonded Debt,“ 
Capitalization, 
per mile of Railroad, in Dollars 


& 2. Total Interest on Bonded Debt, in Dollars...... 
8. “ Dividends on Capital Stock, in Dollars 
4. Gross Traffic Earnings per Mile of Railroad, in Dollars.. 
of Expenses to Gross Earnings .. 
Interest Paid Bonded Debt. 
Dividends Capital Stock.. 
8. Rernings per Revenue Train-Mile, in Cents.. 
10. Percentage of Passenger E Earnings to Gross 


a 4 “Freight 
om “ Interest and Dividends ‘Paid on Capital Stock and 


= Bonded Debi 
1, Passenger Train- Miles. 


4 8. Passengers Carried One Mile......... 


4. Gross Passenger Earnings, in Dollars 
5. Receipts per Passenger per Mile Carried, in Cents.. 


ty Ee Carried, in Cents.. 


Prain- Mile, in Cents... 


of Railroad, in Dollars 
9. miles of Passengers Carried per Mile of Railroad . 
10. Miles Traveled per Passenger.............. DOLLA 
11, Passenger Rides per Capita per Annum 
Receipts per Capita, per Annum, in Dollars. . 


agers is to increase train- loads, so as to decrease expenses per train-1 


cannot now w be. handled by locomotive: es, inv nvolving heavy litte 
work and large central stations (idle most of the 24 hours), for the main 
reason that interest on first cost will more than offset the largest 
possible saving in expenses. — This saving would not exist, but if atl 
‘should, more than 50% would be needed. 
_ Passenger cars would cost the same in either case, as the cost of — 
7 _ installing electric lighting and 7 systems in the cars would bal- 4 
uld be a 
electric road. “Ifa an electric locomotive were used, there weeld be no x 
such ing. - If every car were a “motor ‘car, then the cost of a steam» 


—— 
— 
— 
— 
— 
— 
— 
nile, 
— 
— 
— 
— 


FOR RAILROADS. 407 © 


Curves deduced from Fig.s Curves deduced from Fig. 7 


voR 


= 


DISCUSSION ON ELECTRICITY VS. STEAM 
HHH 
q 
| 


— 408 3 DISCUSSION ON ELECTRICITY vs. STEAM FOR RAILROADS. 


mn ‘Mr. Davis. —— a per train ane be saved in the case of electric traction; 
ij ae how ever, would — to the cost ¢ of wg car. a This method i is not 


Steam es tenders are to steam Ww bots cars 
(or electric locomotives), electric-feeder lines and ground-return cir- . 
cuits, and central power stations (without buildings) are to electric Se 
railways. in show the relative costs, let us again co onsider the former a 


at are on of the character we are 
SS these w ould cost, in place, $1 117 ($1 012 for copper “a * 
= for stringin ng). _ It will be noticed that the trolley v wire suggested 


is much larger than that used in general practice, and, as it has large a 7 

_ carrying capacity, part of its cost might have been included in the 

ao cost of feeders. If the third rail were used in place of an overhead ea 

trolley, as explained before this feeder sy system would be unnecessary, 

as the 90-lb. third rail when bonded has enough section to 

In our example the area of copper in the overhead system 
846 400 circular mils, equivalent to 920 mils diameter, which gives ap 
cross -section of 0.657 sq. in 90-Ib. rail has a “sectional 


ag 
t10n 

of 9 sq. ins. Taking the conductivity of steel and 

copper as 1 to 6, we find that each rail is equivalent to 1.5 sq. im 
of copper, and both rails to 3 sq. ins. ; therefore, until the ov yerhead — al 
system m had a cross-se “section n of | “more than sq. ins. there would be 
no necessity for any copper g ground- return. circuit, so long as the bond- ss 
ing section at the joints was the same as that of the overhead work. _-* 


In case the area of both rails divided by 6 is less than the area of over-— 


; head copper, the copper ground-return wire should be of a section — va 
equivalent to the excess in section of overhead c copper. . This ground a 
return can be run on the pole line and connected down to the rails at a 4 
intervals, or along the track, as may seem best in any given case. 
_ The central power station of 1 125 nominal H.-P. could be erected 
~ complete (wi ithout ; buildings, i included under ‘‘ construction”) for $5 50 
"per hich would prov ride a plant of the most kind, 
giving the greatest economy (in the largest sense). In general, it 
would consist of a steel stack lined with fire-brick, water-tube boilers, 
~pumps, piping, condensers, heaters, blowers, direct-connected Corliss 
engines, direct-connected generators, , slate | SW itchboards, best indicat- “a j 
ing and “recording instruments, etc., with all the best labor-saving 
a and automatic devices which help to make a thoroughly successful oe 
oon plant. . The total cost of the power plant would be $56 250. We will 
use of an electric loc locomotive, ‘but assume the use of 
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ome vs. ‘STEAM 
in the total wanes giv en in ia example. The figures, in any ca r, 
are only indicative. The same can be said of equipping each carasa 
Inthe tinal of 200 tons as the w eight of a 6-car train, one a 
a motor car, the car bodies assumed are 45 ft. ov er sills and 51 f ft. ove er 
all, y with two trucks having four wheels each, the wheels being | 33ins. 
in diameter; car body weighing 22000 lbs.; trucks, 13 000 lbs.; total, hs, f 
«85 000 lbs.; average maximum passengers, 150 at 150 lbs. pone 22 5000 
Tbs.; making the total weight of the passenger car loaded 57 500 Ibs. 
he motor car is assumed to have four “motors, « one on each axle or * > 
geared to it, its total weight loaded being 112 500 Ibs. (56.25 tons va 
rxaea, 45 tons empty, all on drivers). The trucks of this motor car 
2 rould ie heavier than those of the vane cars, and with larger wheels. 


cars can n be to cost, for or electricity, about $3 500; 
“the complete motor car, about $7000. A steam locomotive and tender 
o the same power and tractive force would cost about $9 000 (engine, — 

87 700; tender, $1 300). —Itw rill be noticed that the heating of cars has Re 

had ‘no consideration herein. ne While this w would add to the first cost e.* 
of an electric system, by increasing the required capacity of caaiaie. 


sion line and power house, and would undoubtedly add to the cost a 
operating as compared with Ssteam- n-locomotive practice, yet available 

are so unreliable that a discussion of them is postponed. 
eee On the basis of our example, we see that items 2, 5 


equalizes a small part only. — 
ew York Central Railroad, in 1885, w ith miles of 
2 337 7%) 


day. If we deduct for freight and compare 
with the followi ing, it gives some idea of the difference in first cos 
equipment against the electric sy sy stem ith only 
Feeder line 
Ground return this case no additional 


a 


= difference between 3 mo 


To estimate a 10- mile road at ten times the shave: would be unfair, 


station wer 
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Mr. Davis. portion. — In general, the feeder system increases in cost with the 
distance, while the power station increases in cost with the weights 
moved and their speed. There would undoubtedly be found conditions 
of very light trains, at very frequent intervals, over short distances, 
—- the larger cost of locomotives and tenders would balance the © e 
items which usually make electricity the more costly; these conditions — y 
must more nearly approach those which now exist in street railway q : 
service. It is evident that with units weighing 10 to 15 tons, run at 
intervals of 20 seconds to 5 minutes, any steam-locomotive system > 
a r would prove undesirable, both by its greater first cost and operating — 


Electric feeder lines and ground-return circuit” is 
the heading “ equipment ” than under “construction” 


4 


would naturally pei in in the motive power ha are so  con- 


3 
General” items of “first cost” would be unaffected by the char- 

acter of the system. A few years when the word “electricity,” 

— applied to street railways 8, was more attractive in banking and © 
{ » a investing circles, higher prices for bonds might have been obtained 
by the use of that system, but elements of this kind are not within the - 
-. _ Scope of this discussion. Taxes are based on value, not on om and 
are therefore unaffected by any particular system. 
Should an existing railroad change its motive power on 1 all or a part 

its ‘system, the followi ing items would represent the investment 


4 or earned tow warrant 


(b) Construction. 


12. Overhead-trolley line or third rail. 


for central power stations. 


Motor cars or electric locomotives. 
3 Gost cars (trail cars, or if motors are applied to 
5. Electric feeder lines and ground- -return circuit. 
power stations (not including buildings which 


are considered | under constru uction”’). 
Discount on bonds. | 
3 2. Interest on bonds to opening of ak 
8. Taxestoopeningofroad. 
Contingent and miscellaneous, not itemized, to 
| 


q 
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Opposite course would be pursued, and has been followed in consider- 
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s. 


716.05 mi miles of single track. ck.) 


. Grading and masonry 
. Bridges, etc. 


| 


. Superstructure 

. Stations, etc 

. Land and land damages. 

. Locomotives 

. Passenger cars 

. Freight cars. . 

. Engineering. 
. Floating equipment.. 


$41 000 (approx.) 


— All other items would be unaffected on an existing system. Taking — 
see Engineering expenses would not be as great as in the case of a new — ae 

dine. Items 11 and 12 under (b) ‘‘ Construction,” are applicable to 
this case, as already discussed for new lines. - Buildings for power 
stations would be an additional cost, unless steam locomotives we a 
= entirely discarded and old round houses utilized; this, however, is 

“a ts hardly likely. Under practically all circumstances steam locomotives 

" ad tenders would be utilized on other parts of the system or for 

; > _ freight s service, and therefore no allowance need be made for ab abandon- ~ 

ing them. Items 2 and 3 under (c) ** Equipment ” ‘should be new, and 
op old equipment used elsewhere. Any attempt to use existing trucks or 
_ car bodies, either for motor cars or trailers, would be as bad a mistake © , 
a8 was made in the early days of the change from horse to electric = *¥ 


_ traction on street railways. Ite Items 5 and 6, under the same heading, 


= 
are e also applicable to this case, as already discussed for new lines. Par 
Items 1, 2, 3 and 5, under (d) ‘*General” would have to be charged 
* the change, in proportion to he cost of the same. For all — 
q practical purposes, the total cost of a change of system is seen to be ae 
to the ‘difference i in cost of two new lines, as | 


734 per mile of track. 


8265 
$63 366 
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No. 3.—Etecrric SuBURBAN AND 


Total passengers carried per 
ir 


poet 


pe 


June 


r ending 


mile of sing 
ated. 


le track o 


rAY. 


yee 


penses to gross earnings. i 


es 
Total car-miles operated 
annum, 


80th, 1898. 


operated miles) 


Total length of single track 
Total passengers carried per 


Percentage of operating ex 


road S 1 816115 0 : 
Orono & Old Town Railroad.|S 2) 1225028 17. 408 570 


he 


Biddeford & Saco Ry........ S 3) 387860 5.7% 984, 186312 
Lewiston & Auburn Horse R. R...... S 4, 1160445) 14. 350 090(a) 
Portland & Cape Elizabeth Ry....... 5) 1095 666 | 11, | 
Portsmouth, Kittery & York St. Ry..|S 6) 812 220 
Rockland, Thomaston & Camden St.) Vee 
.S 7) 960578 | 16.6 ae 268 6 


128 45 


| 6407912 8 


Danbury & Bethel St. Ry S 8} 823669 
S 9| 7123844 


S10) 4898 363 
Hartford, Manchester & Rockville| 

Hartford & West Hartford Horse | 

R | 875 

S13) 1439 285 
Norwalk Street Ry Ss 842 
Norwalk Tramway Ss 816 118 
Norwich Street Ry S16) 1256 626 

Torrington & Winchester St. Ry Ss 726 
Bristol & Plainville Tramway 082 
Central Railway & Electric (New) 
Britain) S19 1434 105 


_ Totals and averages. ‘ 14 143 909 154.34 
Arlington & Winchester 330 594 
Athol & Orange S 7 227 


73 978 


£z 


a 
— 


Braintree & Weymouth...... «|S 22 992 063 
‘Bridgewater, Whitman & Rockland. 546 485 
_ Brockton, Bridgewater & Taunton...|S 1 353 O82 
Brockton & East 3864512 
Dartmouth & Westport........... 26) 551 674 
Dighton, Somerset 266 
Fitchburg & Leominster. ah 2 178 863 
Gloucester, Essex & Beverly. 1556 243 
_ Greenfield & Turners Falls ‘ 712 647 
1 408 723 
«477 268 
648 
1 536 505 
2 589 797 
«(856 817 
8 981 702 
7 679 147 64. 
29 063 234 J 188 928 
100 314 


(a) Estimated. 


— 
— 
= 
ie Potals and ave 10.58 | 60 | 7.851 275 
| 56 246272 | 128 
| 69 | 90 580 
11.91 | 70 | 105476, 1686800000 
— 16.55 | 86718) 
— 
— — 
— 

— 
274 
660806 
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ENGER EARNIN 


ratec 


mile opere 


Per car- 
(cents). 


Per passenger per trip 


} 


on 


2 


8 


sengers; year end- 
June 30th, 1898. 


ing 


Total per annum from 


~pas' 


| 


carried 


car-mile operated. 


er 
= 


o. of passengers 


| 


- 


vil 


B= 


nt, 


4 


aK 


| 
per 


of single track owned; 


30th, 1898. 
year ending June 30th, 1898. 


— 


and debt 


mile of single track owned; 
year ending June 


Permanent investment per 
Capital stock 


$28 


x 


ng expens 
-mile operated (cents). 


a 


atir 


ypera 


Total c 


81 


87 
49 
"68 
09 
08 
49 


be separated. 


| 
| 15.58 || 4.04 | 4.0 | $996 10.0 
868 18.30 | 8.0) 15208 | 164 
379% | 43.31 78 3S | 819% q 
121624 | 447 | 31338 32 150 
8.0 19 771 17464 | 16-1 — 
i229 4.96 | 26960 21248 | 20691 | 1.81 
20.01 | 6.16 | 134014 3 | 15.56 
16.59 | 5 g 58 698 25 905 25 — 3 
3 19.38 4:85 | 3367 | mom | 16888 — 
3 16.76 | 5.08 | 28757 tees | | 1346 
|) 5.31 4.92 | 44197 3 ~ 17 096 12.68 


4 TABLE No. 3 (Concluded).— 


=] | ac & 
‘Milford, S41| 1668831 | 20.34 | 60 | 82051| 901 
Natick & S42) 1089877 | 11.00 | 84 | 99080 267 T72 
Newburyport & Amesbury..... S43) 1139652 | 18.388 | 92 | 62015; 320056 
S44) 1827120 | 15.78 | 67 | 115743) 465 458 
S45) 1.098 486 | 13.82 | 71 | 79468) 456 530 
Norfolk Central (Dedham)...... 712551 | 6.52 | 72 | 109337| 185 583 
Suburban (Hyde Park)...... |$47| 1972521 | 10.95 | 77 | 180 188 423 986 
1 812 627 | 17.12 | 62 | 105847| 487 369 
North Woburn................ ~ 909 869 | 7.80 | 70 | 108 808 aa 189 073 
Providence & Taunton........ 673-714 | 14.92 | 86 | 45149) 99988 
2 712 342 | 30.06 | 64 | 90240) 564141 
‘Reading & 580 | 11:84 | 98 | 28 085 146 373 
Rockland & Abington. 1521581 | 17.22 | 83 | 88336) 
\S54| 567 164 | 8.16 | 69 | 69505) 
Southbrid e & Sturbridge............ S55 552586 | 7.75 | 68 | 71820) | 
South Middlesex (Natic 1184670 | 18.07 | 68 | 86815 
Taunton & Brockton.. 949244 | 17.28 | 76 | 55098 
1129681 | 15.80 | 58 | 73835| 
S50) 966 296 19.22 | 61) 50275) 
S60} 281043 | 6.92 | 82| 40665) 
S61| 1229788 | 17.36 | 65 | 70887) 
S62) 8275611 | 21.91 | 68 | 149483) 
43 | 91 288 0834 [864.63 | 64 | 105567| 22087 982 
mi (c) Totals and Averages: of Table No. 3. 


7| 6407912| 87.48) 74 | 7B 240 1748970 
14 143 909 | 154.84) 67 | 91641) 8901011 
-|(d@)43 | 91 288 034 | 864.68) 64 | 105 567 Buin 


sod should be remembered. that the figures at the foot of page 87 


are not exact, nor it be fair to by the the number of mil of miles: 


Tt is evident that, ia line be built under the same condi- - 
tions of existing steam railroads, or an old system be changed over, the Me: aS ss 
_ first cost will be against electric motive power; and to overcome this © 
_ disadvantage the operating expenses must be reduced sufficiently to 
— than take care of the interest on this additional co cost; ; or else the — 
change must create an increased traffic which justifies it. 
_- Wellington* gives a table showing the distribution of first cost of 
_ the New York Central and Hudson River Railroad in 1885, from which — 
4 Table No.2 has beencaleulated. 
SS Economic Theory of Railway Location, 
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INTERURBAN Ratuways (R. R. Com. Report). Me, Davis, 


m id 
_, 
PassENGER EARNINGS. 


r 


Capital stock and debts per 


Total operating expenses per 


trip 
dividends 


r 


rated (cents). 


perated 


er 
ners 


af 


1898, 
of 
year ending June 


ssengers; 


th. 1898. 


Permanent investment | 


Per mile of single track — 


operated. 
id; 


year ending June 30th, 1898. 


mile of single track owned; 
year ending June 30th, 1898. 


Per passeng' 


car-mile o 


m 


pa 


ing June 30t 
- mile of single track owned; 


Total per annum from 


(cents). 
Percentage 


R 


by 
y 


oo- 


Gen 


oe 


oe oF 

= 

o 


RE 


on 


Ps 


5 
8 
6 

4 

5 
5 
2 
4 
1 
4 
3 

3 
4 
2 
4 

2 

2 
8 


21.38 


Suburban and Interurban Railways. 


5.02 | $822001; 3.10 | .... | $28839 
5.16 | 78102 | 3.62 | | 49588 | 12353 
bis | | 414 | | 


$5 755217; 4.04 | 


_ No. of roads taken in each State. 
From Table No. 3 we find that the 


land is $32 788, while the highest is $58 851, and the lowest $11 463 
Obviously, it would be unfair to compare the steam railroad chosen vi 
i the foregoing average, as the former must exceed the average of __ 


_ its own class by over 25 per cent. Adding this percentage to the fore-— 


‘going average gives approximately $41 000 per mile of single track as 7 
fair comparative cost for an electricinterurban railway withthe same 
me standard of construction and equipment as the New York Central and — P's 


‘Hudson River Railroad. The construction account of such 


q 

— 

> 
19 487 3.81 

Bis 

12867 | 12671 | 1044 
6.0 | 26000 | 25458 | 

ck of 62 suburban and interurban electric rai 
if 
bout 50% of the whole; the equipment 30% (including a 

Se a pe cent. From the foregoing, Table No. 8 has been computed —— 
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lel ge? jas | of 
S| | Be 
s| | &°o fs 
®| 2 
1 1523837 9.70) 82 | 157 006 
2) 451907 4.25! 66 | 106 331 
Calais 8) 485613) 7.00 79 | 69373) 
Portland c4 5 444897, 30.95) 68 | 175 925 
51.90) 72 | 152 336 | 
Bridgeport 5 4108260 52.60) 51 | 78 1 
Hartford Street Ry.......... 6 8886229) 56.64) 69 | 156 889 2 o— 
Middletown St. Ry......... 7 401948 7.80) 73 | 55061 

New Haven St. Ry....... 8 3093458 26.80) 60 [115497) 
London St. Ry...... 9 666844) 6.96) 74 | 95810) 187 B41 = 
Stamford St. Ry................ E10 845. 11.05) 97 | 56 004 | 92693 

Winchester Ave. (New Haven) 4381462, 17.54) 61 | 249798 | 801 
Waterbury C12 2515116, 12:18) 58 | 206 495 81 
and averages............ 8 24 672 162, 191.07 | 129 181 | 234 438 
Boston Elevated C13 181 $21 295) 278.35) 71 | 651410| 32 209 150 
Braintree............. C14 944. 064, 14.26) 80 | 66204, 267 
Brockton 6787425) 43.87, 63 |156511| 1 468 110 
Commonwealth Ave, (Newton)....... C16 1447822! 12.73) 92 |118724, 478017 
Framingham Union. 686678) 6.86) 60 | 100 187 
C2 1369961) 11,25 
Holyoke C21 4233900 30.56 
Pittsfield C2 1318035) 10.10 
Plymouth & Kingston ............... CB 691 048) 8.75 
C24 11 611 232 61. 60 
- Union (New Bedford) C26 3776878, 19.96 
Wellesley & Boston......... ......+.. C27; 709 887| 4.66 


West Roxbury & Roslindale. ... C28, 1460920 10.26 
_ Worcester Consolidated. . C29 10637221; 41.81 
485 696 7.08 


"Totals and averages............ 18 | 235 670 589) 611.66 


Totals and Cc 13) 17 | 54349 244) 333.31 
567’ 7.50 


Nashua St. 


732 954 14.46 
Concord St. O88 160| 12.50 
Manchester St. C34) 3200386) 17.02 


‘Totals and averages 5 | 6087617] 55.11 | 100555) 


4 7 906 2544 51. 152 336 | 1 769 406 
6 129 131 6 234 438 
(e)17 54 849 244 333. 163059 | 12752184 
(ce) 5} 6087 65.11) 109555 | 1 701 398 
“Totals and 92 965 277) 631.99, 69 | 147237 | 92 457 871 


4 (a) Estimated. Given in report as “96 000 extimated,’ ” wet: is obviously iad 


of roads token in nin each ‘State. 


— 
— i 
— 
= 
— 
4 
— 
— 
4 
| 72 385 206 | 44 961 
71 | 163059) 12 752 134 
— 9% | 79008, 178 = 
80 | 65 928 (a) 
: 68 201 124 762 665 ‘ 
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$42 031 


d and Vermont ar 


13:19:20 


s in Rhode Island and 


Railway: 


Electric 
(b) 


4 


im 
4.37 | 8:5 | “40 592 | 40 976 
mi | joes | | 46.913 | 41569 | 18.60 x 
‘ 7 | 18402 38.91 | 82420 | 35 
$6201 | 19.01 | 4.80 | $1185 493) 3.95 $62 a 
5.06 | 8 2.25 600 
22.97 | 4.95 | 068 
15.40 | 5.08 | 3.08 4 
2.88 | 5.15 | | 60 — 
18.36 | 5.55 | 8.90 | 
25.78 | 5.45 | 8'0 759 
5.06 580 259) 5.01 | 8.0 808 
~ | 1.88 2.5 273 ut 
$19038 | 25.89 | 4.94 5.24 | .... | $63 794 | $61 928 
= 20.28 | 4.89 «4.18 | $42 57 | 
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Percentage of oper- 
ating expenses to 


gross earnings. 


annum; 


per 
ear ending June 
le track operated. 
assengers car. 
r mile of sin- 


Ith, 1898, 


Total passengers car- 


ried 


Total ps 
ried pe 


| Total length of sin- 


| 


New (1896) 
Vermont (1896) 


: 3SSE 


143 
2 38 816 071 
5 O87 


New Hampsh: 


+96 | 204 805 182 


Table No. 3. —Electric Suburban and Interurban 
_ Railways (selected from total number in New ae ree 
England) - 111 839 855 106.45) 
Table No. 4.*—Electric City Railwa 
_ from total number in New England) 
‘Table No. 5.—All Electric medtenee ta New Eng- 
a i land (total number in New England maki 
- rts to R. R. Coms. 
Table e No. 6.*—Electric City, Suburban and Inter-| 
a. ~ Railways (selected from total number 
in New England) os 182 |1 787. 84) 67 te 


erated. 


ck o 


— 
— 
— 
‘Totals and 172 | 482 467 674 |2 393.89) 67 [182 
‘TABLE No. 6.—Torats anp AveRAGEs oF TaBLE No. 3, Exectric 
>. 
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— 
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New Eneuanp (R. R. Com. Reports). 


PASSENGER EARNINGs. J P 


ngers 
mile 
year 
June 
mile 


June 30, 
passen; 


invest- 


ment per mile of 
June 


p- 
ts.) 


ted. (Cen 


year 
r car- 


e 
assenger 
paid, 
stock 


, 1898. 
pital 


ated. 
per an- 
ers; 
debts per mile of 


ending 
ar ending 


num from pas- 
ingle track owned; 


ated per annum. 
Per p 


gle track o 
ear ending 


era 


sen 
si 

Ca 


Total car-miles oper- 
Per mile of sin- 
Per car-mil 

per trip.(Cents. ) 
Total 

No. of 

carried 

operat 

Percentage of divi- 
—dends 

ending June 40, 1898. 
Permanent 

single track owned; 
Total operating ex- 
penses per car- 


|8 


83.505 207) 9186 | 23.60 | 5.04 | 21740618 | 4.68 |... 


4 


™ 
= 


BAN AND INTERU 

WAYS ( 


. 1916 518 | 54850 | 57026 
| 21, 7879 549 4.18 |........] 82196 | 31585 


140 884 5982 | 20.56 


AVERAGES, TABLES 


5 201 


(5.04 | 21740618 | 4.68 |........| 42717 | 46453 


5.03 | 10309 891 313 36 189 


= 


— | 
a 
419 
Devin 
ta 
10 328 464| 5 255 35 | 5.89 | 862885 | 4.47 == 
206 418] 10608 | 2.018 986 | 3:80 
18-008 180} 5.11 | 16545554 | 4.85 2.710 2 
16.52 
5.08 10 809 891 | 4.08 
a 
Nos. 3, 4,5 
99788 | 92805 | 18.00 
8850 
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a 
“Mr, Davi TABLE No. 8 


N.Y.C.&H.R. | Evecrric Raway 


2. Bridges, etc 

8. Superstructure 

9a. (}) 

Rail bonding 

B. Overhead electric line. 

Total construction .......... 


4. Stations, 5 458 
. Land and land 5 576 


Total land and bu 


Grading and masoncy . 


2 3387 
cars, 574 


. Freight cars............. B76 
. Engineering (4) 

. Floating equipment 7 
. Electric feeder line and ground return 10,0, 
. Central power plants 


8 B, 7, and E constitute 
a those which ‘would bea an ‘increase in of a new electric line 
‘under steam-railroad conditions, or to change an existing steam rail- 
road; all other items have already been shown to be the 
although varying, as the table shows, in the e case of a street railway. E. hs 
1 _ We therefore get an approximate general figure of $20 000 per ‘mile of 
single track as the increased cost of the electric railroad. This figure é 
be treated with caution in any individual case, for it might a 
= or even exceeded by more than 100% under some circumstances, “4 ae: 
although it is approximately accurate as an average. 
er a new or an old line there is a limiting factor beara 
sometimes precludes the possibility of using electric traction—the 
% transmission of electric power from the station to the motor. - Some 
_ problems show at once that, owing to the long distance and infre- 
Ne quent trains ns of great weight, electric transmission of power would be 
| qatively too costly. Just where the line occurs is hard to define, as. 
oo it depends upon distance, amount of power, frequency of trains, and — = 
their weight. A few years ago it was considered that about ten miles’ a 
s radius was the limit for one power house; this was before the days of | 


— 
— 
RAILROADS. 
q 
— 
| 50.75 | 20500 | 50.0 
— 
an 
a 
— 
q 
— 
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_ motors. The basis for this is the reduction of line cost by the useof = 
rc high potentials and the utilization of cheap sources of power such as 
; waterfalls; but it must | be engrpumean that the problem is not solely 
of power and its long-distance transmission coupled with a cheap _ 
source, versus operation by small isolated units—steam locomotives. __ 
Inthe operation of railways, whether electric or steam lines, one e 
‘requisite is that the speed of trains must be controlled by the opera- 
tor; the variations of speed must be numerous, and the change from : 
_ one to another must be sufficiently smooth to cause no discomfort to 
¢ passengers or excessive strain on any of the apparatus. Theelec- __ 
_ trie railway motor operating by direct current has long been used for 
_ this work with s satisfactory results, and in its latest forms is sufficient 
and serviceable, under the rough usage to which it must necessarily be | 
alternating- -current motors the regulation of speed is more 
difficult. Until the recent development in ‘induction ” ‘motors, 
so-called “synchronous ” » ‘motor was the only type worthy of ‘practical = 
_ consideration. This type derived its name from the fact that of neces- hie 
- sity it ran at the same Speed as the generator which supplied : it with 
current. Obviously, therefore, the could not be varied. 
Besides this, the “ synchronous ” 
under load. Hence it was unsuited for - operating railw ay cars. The 
other form of alternating motor—the “induction ” motor—is capable 
> ‘. of speed-regulation to a limited extent, and is continually being 
| a _ improved, so that the e future | may see developments and improvements — 
a beyond our most s sanguine expectations. ‘Alternating- current induc- 
tion” _ motors have certain characteristics which would be of great 
advantage in railway work. The most anqentenh of these is the 
_ absence of the commutator. In other words, there is no electrical — 
connection between the stationary parts of the induction ” motor 
a and the armature or rotating part, and therefore, there is no exposed vy, 
aang carrying current, and no sparking due to the use of brushes, — 
use of multiphase has ving advantages: 
They allow some control of the speed of motors. 
@) ‘They provide for starting motors when loaded, not 
when over-loaded to the same extent as direct-current 4 
) They facilitate insulation. 
(4) They overcome some of the effects « of induction. — 
2 5) They reduce the cost of conductors. Hodson ; 
In short, the induction ’ motor, | like the ‘sy nehronous’ 
the difficulties of starting under loads as well as speed- 
control. The two-phase and three- -phase “induction” motors have 


4 [ 
= | 
3 
| 
3 

ig 

4 


4 


They require atten attention. 
They give less trouble from a dirt, 


(3) They have n no commutator. 
(4) They have no moving electrical contacts (except in “special 
(5) There is less danger of burning out armatures. ¢ 
“ 6) They require renewal of parts less frequently. i 


Sp hina in their use can be summarized thus: 


Their speed cannot be controlled 
ge 


They do not start readily with over-loads. 


Their efficiency is lower. 


At present the disadvantages 0 outw vy the tn in so far as a 
the conditions of railway work are concerned. 
It seems, therefore, that the direct application of alternating-- 

- current motors to railroad systems is not feasible to- day from a 
mainly for the reason that do not start 


close proximity to a section of the track. ‘ees the oma is reach 
from alternating to direct by means of the so-called rotary transformer, 7 
and then applied as direct current to the cars using direct-current _ 
motors with the usual devices for controlling the speed. Th 
method of using the alternating c current introduces an extra trans- 
= with its concomitant loss, and its use is confined to cases” 
_ where it is desired to transmit power from a distance. Alternating = 
eurrents are better adapted than direct currents for 
j power over long distances, because, with the use of the latter, we are 
limited to comparatively low pressures, either in the generating» 
s <4 plant (1 000 to 3.000 volts) or the motors (500 to 1 000 volts); while 
a with the former we can hudenial ,” and thus utilize, between the 


‘ generator and the motor, higher pressures than would | be safe at either 24 F 


end. In transmitting currents of electricity over r long or or short 


7“ distances, there is a necessary loss in transmission, due to the power . d 


"4 required to force the current through the wires. This loss is present ‘ 
in all circuits carrying a current of electricity in greater or less | 

amount, depending upon the volume (amperes) of current (squared), 
- and | the quality, size and length of the wire. In cases where large sd 

_ currents are to be carried mae distances, the loss i is so increased that 
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; = distance transmission lines is to increase ae pressure (voltage) to as Mr. Davis. 
high a point as practicable. ‘This is done because the same amount 
7 of power can ‘thereby be transmitted, at a correspondingly reduced — 
current requiring a smaller wire, at the same or less loss, since the 
rs power is represented by the product of the current and the pressure. 
. Hence, by reducing the current, the energy lost i in the line is is reduced — 
if in proportion to the e square « of the current. % By thus i increasing the 
_ pressure and reducing the current, the original investment in the — 
_ transmission line can be kept within reason, and the interest account 
reduced, as well as the loss of energy in the line. 
os The limit to which this process of reducing the loss in transmission F 
can be carried depends | upon our ability to insulate wires carrying — 
high pressures. There is no difficulty in using an alternating current 
running at a potential of 1 000 to 2 000 volts; for these pressures are a 
common in the outside mains of ‘companies alter- 


at 10 000. This is now in a number of cases. 

‘The Niagara Falls transmission line is operated at 11 000 volts, and it — 

: ist the intention to increase this to 22 000 volts, if it has not — 
heen done; while there : are installations on the Pacific | - Coast where 
higher potentials are used. How soon higher pressures than those 

used will become commercially practicable remains to be demon- 

strated by the development in the t use of present electrical insulating — 
materials, « or the discovery of new. — ‘In order to ‘obtain high 

e an intermediate step is | required lie een the generator and the line, 

_ known as the ‘‘ step-up ” transformer, and another at the other end of 
the lines, known as the « ‘step-down ” transformer. Generators are 


built at present to deliver not ; much more » then 3 2 500 ws and usually 


other end of the the vltage is reduced to the 
” transformer and then a 


(1) That the alternating- of cannot be applied 
directly to operating railroad trains, either on the axles of the cars, 


ee or at the head of the train as a locomotive, because of the difficulties in _ 
“ar Starting ander load and in controlling the necessary variations in apeed. 


3 
q 
— 
q 
P 
aa 
| 
step-up” transformer along the transmission line to the ‘ step- 
4 down”’ transformer. The required insulation is secured by special & 
— 
| 


ed 
ak operating railways, because of the facility with which h we can tran trans. 
form it to high potentials for long-distance transn = ey bee ek 
_ Whether it will pay to utilize a ‘‘ cheap source ” such asawater- 
fall, or concentrate the power into oa station on the line of railroad, : 
is, again, the question of balancing the interest account on the added 
inv estment for r long-distance transmission lines, , ete., 


operating expenses or increased receipts. 


4 


_ The reduction of first cost to a minimum consistent with work best 
- suited ior the purpose is of great importance in the construction of 
line. No increase | is justifiable, unles unless it will prove a 
a, investment in itself; no decrease, however, i is justifiable if the larger 
expenditure promises larger profit. Where expenditures can be 
= decreased, without materially lessening immediate traffic or adding to 
expenses, such decrease should be made. The 
remem 
and rentals) a are really a a part of the cost of 
transportation—to borrow an expression from’ an eminent authority; - 
_ they are, in fact, one of the largest items in the total cost of running 
a railway system; they increase in a somewhat faster ratio io than the 4 
cost of the line, and are the same every year, W hether business is good 
or bad; and we therefore emphasize the importance of reducing the 
first cost to the lowest amount consistent with true economy, and of 
‘ increasing the traffic to its maximum, so that the fixed charges may 
- = a smaller percentage of the gross receipts. ‘ It must be remembered, 
_ however, that the gross receipts are often enormously increased by 
in which case large investments may 


"shortening of line for moral effect and | saving of time in peter fe 
new as an inducement to increased use, etc. 


will be had | by the comparison in in Table No. ee 
‘TABLE No. 9. 


Average. igh. | Average. J 


_ Percentage of net receipts 
Percentage of fixed charges... 
of profit 
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i s, but averages under oré inary 


importance of the item of fixed charges, and the importance, there- Mr. 


fore, ofreducing the firstcost. 


_ The importance of a reduction in first with 


Iso clearly brought out hy: 


a 

. Curve 6 _—Showing raj rapid i increase in capitalization per es 
mile of track of railways (40% of which i is bonded indebt-— 


Fig. 8. Curve 2-6.—Showing predicted increase in aii 


«Fig. 3. Curve 4 ._Showing greater increase in bonded debt 
as compared with increase of mileage « of railroads. 
Fig. 9. Curve 3- 4,- —Showing pi = ted increase in Curve 4 0 
Table No. 10. Capitalization Railroads and Street 
—Curve 4. Total Bonded Debt 332% increase 
1870-1890, as against 213% increase in of fthe 
U. S.; and 240% increase in New York, New Jersey, 
‘Pennsylvania, Delaware and Maryland, against (84% 
increase in mileage; and 437% increase in Massachusetts 


against increase of mileage. Thei increase of 500% 
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4 in bonded debt of street railways of Massachusetts in the | e 


“ same period, against 544% increase of mileage, does not 
the statement, for this decrease is 


ay mile 


: As first cost i is ere electric traction we must look to reduced 
operating expenses or increased receipts as justification for its use. — 
Let us examine the former. Again r refer to our our tabulated ‘divisions of 
have adopted the title feted expenses ” in a literal sense, 
 ineluding all of every kind, so that the difference between 
% “total expenses ”’ and ‘‘ gross receipts,” if on the right side, would 
give the amount : which can be « considered the actual net earnings of 
ae the line. eg Operating expenses,” which are generally treated as the 
usual and ordinary expenses of the system, include ‘‘ maintenance and 
renewal of way and works, train expenses,” terminal, 
is taxes and general expenses,’ and ** accidents, loss and | damages,” but 
“fixed “charges,” although the latter form a large ‘percentage 


trial and financial development. The operating expenses include many q 

_ items which do not vary with the amount of business or the character 
of the alignment—such as salaries of leading , officials; “maintenance of | 

way, works and parts of the system, — that deterioration — 
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pitahination of Steam Railroads and Stree 
Total miles of track 
Annual increase in mileag 
capital stock 
4) “ bonded debt 

capitalization 

Earnings of 
Gross traffic earnings 
Total interest on bonded debt 
* dividends on capital stock 
Gross traffic earnings per mile of track... 
Percentage of expenses to gross corning. 
interest paid on bonded debt 
dividends capital stoc 
Gross earnings per revenue train-mile 


earnings to gross earnings ix of 


— 


‘** interest and dividends paid on capital stock ca 
and bonded debt 


Passengers carried one mile 
Gross passenger earnings 
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NTAGE OF INCREASE OR DECREASE OF STEAM RAILROADS AND ST S 


STEAM RAILROADS. WAys.|STEAM RAILROA 


a 
Ds. 
UNITED STATES. DEL MASSACHUSETTS, MASSACHUSETTS. 
Per cent.| Per cent.| Per cent.) Per cent.| Per cent.| Percent.| Percent. 
. | Increase.|Decrease.|Increase.|Decrease |Increase.|Decrease. _ 


3 Mr. D 


Characteristic 
sign of curv 


ri. 


2,“ “ New York, New Jersey and Pennsylvania. 

Massachusetts, 
Per capita in the United 
6 


"New York, New Jersey and Pennsylvania. . 
?| Percentage of increase in Wares 


1 Total miles of track 
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3/Total population of the 
. 4|Percentage of increase. of the population of the United 


of the United States 
** Massachusetts 
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DISCUSSION ON ELECTRICITY V vs. VS. STEAM FOR RATLROADS, 
is produced by time | only, of the amount of ‘business 
handled or work done; salaries of agents of all kinds, many , of whom 
-: have to be employed whether business is large or small, etc. All of 
these might be called the ‘fixed operating expenses,’ ’ and, as they 
often amount to nearly half o of the total operating expenses, it will 
=— e instructive and remunerative to keep railroad accounts 80 as t 
this. To reduce the total expenses to the minimum consistent 
a os true economy is as important as to reduce the first cost to the _ 
lowest amount, bearing the same axiom in mind. 
We have two cases. to consider and compare 1 with 
operation: First, , central steam- -power plants “located along the 
Proposed line; second, water-power located at some distance from — 
> line. The following applies to both cases, unless otherwise indi- 


of earthwork to subgrade’ ” would be unaffected by 
system used. _ Repairs of track, fehces, cattle- guards, crossings, etc., 
renewals of ties and ballast, are substantially independent of med s. 
volume of traffic; ties wear independently of the tonnage, for the so- +f 


“called “cutting” of ties to the rotting: away under the 


decayed cut away by loads. The total cost of track 
labor is affected only by a very small percentage of the whole by any 


isn not increased; ‘rail- zenewals, track-watchman, and part of the labor 
of lining, surfacing, etc., directly applicable to the track itself, are the 
“only items which vary directly with the number of trains. One-half 
_ three-fourths of the wear of steel rails is caused by the » locomotive, wrk 
_ due more to the great concentration ‘of load on the - driving wheels, 
which often nearly approaches the ultimate crushing resistance of 
rail, than to the “‘ hammer-blow”’ of the reciprocating peste. ‘Main- 
tenance of would be by the system used. Forthe 
Feasons enumerated above, items 2, 3, 7, 8 and 9 would be unaffected 
cost of maintenance, shichever system were used. While some 
—_ claim that the renewal of rails would be less frequent on an a 
electric system, it must be remembered that an electric locomotive or 
- a motor car at the head of a train must have concentrated on the wheels 
the sa same weight for the same speeds and loads, , the only advantage 
being the removal of the hammer-blow of reciprocating parts. Should 
motors be placed on every axle, there would be a saving. In steam- 
railroad practice this item amounts to about 4% of the total cost per . 
7 train- a-mile (see Table No. 11), so that, should ‘there be a saving of of 25%, el 
it would equal about 1% of the total cost per train-mile. me oi 
Maintenance of bridges and trestles should be slightly less with the 
use of electric motors, because of less vibratory effects; maintenance 


iy of masonry, buildings and ‘signals ¥ would not vary in cost with — ; 
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of system. “We find under daiiaiaanataii and renewal of way and M 
works,” t that there are no items exclusively applicable to ‘steam- = 
4 
"motive pr actice; but there are six which apply: to electric traction only. ; 


cost,’ must be maintained. are: maintenance of—(4) 

, (5) overhead- -trolley line or third rail, (6) electric feeder 
‘Himes; and renewals to—(10) poles or insulation of third rail, (11) trolley a 
or third rail and ground return, and (12) feeders. The maintenance and 
_ renewals of these constitute an increase in ‘nie: total rn of an 
electric road over those of a road operated by steam. 
‘The additional of these items, « on the basis of all 


not accurate, as they do not Jike conditions, but 
figures are indicative, 80° that, with of this 
difference, they can be used: 


4. 


: (e) 10. Renewal of poles ioe 2 over inead trolley... 
overhead trolley. 


Ss The pi probability i is that these percentages are too low for the heavy me 


powers and high speeds of an electric road operating under steam- 

ve The next division is that of Train Expenses, relati 
‘consumption of coal by steam locomotives and electric ‘motor cars or 
locomotives, while of importance, is not so large a percentage of the _ 

operating expenses as is often imagined As a the attempt to 


results obtained from locomotives, the records 


which ‘should saving approximately 20%, it 
been found that in steam-locomotive practice, of the character we are 
the coal consumption per passenger-car-mile (exclusive of 
_ engine) averages about 6.5 lbs. for cars weighing 20-25 tons on way-— 
= or 30-35 tons on through trains, and that about an average of 1 
= Ib. is added per car-mile for each 6 tons’ added weight « of car. The “ 
‘average coal consumption of a passenger engine (say 40-45 ‘oe is 
bout 20 Ibs. per locomotive- mile. If we assume six cars to a train, as 
er our example, we have 3.3 Ibs. per car-mile for the engine and 9. 8 
Ibs. per r car-mile for the whole train, including « engine. This conf rm 


to present average practice of steam railroads. = | 
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TABLE No. OPERATING EXPENSES | oF 


| 


ROAD CoMMISSION REPORTS, 1899). 


nses 


yy Ordinary division of items i in total rs 


ile. 


(Int nearest $10 000. zy 


Percentage of total 
operating expenses. 
Operating expe 
per car-m 


= 


) Maintenance and Renewal 
and Works; i 

1 of earthwork to sub-||_ 


$1 163 000 includes (1). (3), 
(8), (9), (18). 


4 of ground-return 
cuit . 

286 000° includes (6), (40), 


“© 10. “ third. rail supports 
or poles for overhead trolley 


= 11. Renewal of third rail or over- 


fe) Removal of snow and ice 


(s) 1. Fuel for locomotives 
(e) 2 central power sta- 


ti 
3. Water supply. 
4. Oil and waste 


tenc ows 
(e) Repairs of electric motors 
equipment) 
Repairs of passenger cars.. 
& 8. reight cars........ 
(s) ¥. Use of foreign passenger and 
freight cars 
(8s) 10. Locomotive services (wages).||... 
(e) 11. Motor car services (wages sim- 
a ke _ ilar to 10 and 12 for steam 
on 4 898 000 includes (12). 4 
. Freight train services (wages))|..... 
. Repairs of central power sta- 
tions 
. Central power station services 
wages)..... 


_ 
ve 
— <a 
a 4 23 
— 
— — 
os | 
f 39.1 7.0 ‘a 4 
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AND Execrric Ramways, with Irems IN 


esti- 


motive 


ower from steam 
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Street 


d railroad 
a to New 


assachusetts 


erating ex- 
lectric Street Railways by 


Column 8 ac- 


Golumn 5. 
Probable average percentage 


pro 
lade’ 

York (N. Y.& P. R.T. R.R.), 


e percentage i 
d practice 
ration by a 


nge of 


roe 


tive increase or de- 


crease in cost of 
tric motors. | 


Probable compara- 


ra 


Proportion of percentage of 


q 
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Per cent. | Per cent. 
Increase. 


enses on 


utes without intermediate 


stops. 


operating expenses of steam 
to operate in 30 to 35 min- 


railroads, Column 5, 


mated for 


from Phi 


Street Railways estimated 


Massachusetts Electric 
from Columns 8, 5 and 6. 


of operating expenses all 


distributin 
cording to 


Operating expenses per car- 
Metropolitan 


“Inile 


Percentage of 


\Fair aver 
steam 


0.6970 | 0.20. 


wr 


0,29 


"Unaffected. 


1.0 


# 


Unaffected. 
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‘TABLE No No. il 1 (Concluded) —CoMPARATIVE OPERATING EXPENSES OF 


Au MASSACHUSETTS STREET RalLways 
ROAD CoMMISSION REPORTS, 


Operating expenses 


Total expenditures. 
000.) 


Percentage total 


operating «expenses. 


) Station, Terminal, Taxes and 
Expenses; 
and station services} 


— officers and clerks. ... 19000 (2), (8). 
. Stationery 
9. Agencies and advertising 
Ba Contingent and miscellaneous, 
mot included elsewhere)..... 


645 000 includes (3), (4). 


©) Interest Account (discounts ond 
temporary loans).............. 23 4 17.1 
per 
Fixed Charges: 
. 1, Interest on bonded debt 


Total Total 


Dividends... 


— 
" Ordinary division of items in total || 
— 
— 
a 
— 
— 
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to 17.02 


‘Unaffected. 
Total percentage of 
increase 7.02% 
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tr. Davis, 
| | im 
B| 


Mr. Davis. Table No. 12 shows the of dry steam used 


TABLE No 12.- —STEaM ConsUMPTION IN Poonps PER 


VARIABLE Loap 50 | TIONS—RAILWAYy 
Loap. To 125 Per Cent. | Work, Erc.,0to— 


Con. Non-con. Con. | Non-con. 


w 

High-speed, simple.......... 32 34 
Slow-speed, compound 20 ive * 

4 1 

a 


4 


Slow-speed, triple expansion. 
Tables Nos. 13, 14 and 15 show the coal consumption per car- -mile a : 


~ on electric railways, and were e compiled 1 from in: information obtained in SS 
-95. er 600 railways v were communicated with, from which 58 
hay 


e “ta selected as giving the most accurate results. 
Table No. 13 gives the road by index number, the State errr Be 
“located, the car-miles, kind of boilers, engines and coal, the field from — 7s 

; Ww hich coal was obtained, the long tons of coal used in the g given fiscal - Bee 
year, and the pounds of coal consumed per car-mile. 
“4 Table No. 14 gives the average, highest and lowest pounds of coal : 
per -ear-mile, grouping the roads by territorial sub-divisions and 
_kinds of coal, with the number from which the ; averages have been 
‘Table No. 15 gives the average, highest and lowest. pounds of er 
consumed per car-mile for different classes of engine plants, with the — 
number of roads from which the averages have been calculated. 
While the | ton-mile s should properly be the basis, yet the difficulty 
of determining the number of 8 miles has led to the adoption of the | 
mile as the best practical unit of comparison. 
; ‘Table No. 12 shows a saving of 36° between the high-speed engine 
plant ‘running non-condensing at 36 Ibs. of steam, and the Corliss 
cat compound- -condensing : at 23 lbs. Table No. 15 shows that the high- — 
_-- speed engine plant averages abou 15 Ibs. of coal per car-mile, while oe 
‘a the Corliss compound-condensing averages about 8 lbs.—a saving of — Bn 


46%, close to the 36% given above to indicate that the 


— 
— 
_ | 
— 
— 

q 
— 
| 

» 
— 
a 

— 

| 
| 
am | | 
— 


are led to the conclusion that the efficiency of each system is approx- } 


4 the for we find, in — that, where the of 


‘as in the Eastern States, the is (assuming, as we 
safely can, for our purpose, that the economy of various types of 
_ boilers is practically the same); with roads using hard coal there is an 
- higher av yerage in consumption o of coal, no doubt due to lower 
ear-mileage and fewer cases; and as more economical apparatus is sused 
¥ in cage the coal decreases. It seem, 


sf each system is approximately the same, though varying in each pest = 
_ that goes to make up the whole. The > variation from 25.9 maximum to 


2 
5 Ibs. minimum num, shows the average value e of this informa- 


cannot be u ‘used to predict what the ‘consumption ‘will be on another 


whic h to base average coy au may then be considered fairly 
, reliable for the determination of possible results in any new case. It 
will readily be s seen » that the : ‘amount of coal consumed per car- -mile- 
; ‘depends upon the tons moved, the height through which each ton is 
moved, the speed, and the efficiency of the entire system. The first — 
three are almost aan to obtain on any large number of roads | 


specially art arran anged tests. ae ke efficiency of the s sy ystem depe nds upon 
that of each part, such as the boiler plant, engines, condensers and — 
piping, generators, overhead line, ground- return, track, and equip- 
ment. High economy in all but one part of the system might cause . 
‘pounds of coal per car- mile to be high, and ‘it is therefore 
possible, without ‘special test, to determine accurately cause 
low efficiency in any given case. By taking a large number of cases, 
- eliminating those which are evidently far from the average, we get 
_ approximate information indicative of what we may expect. aks, 
Fron m Tables Nos. 13, 14 and 15. the average coal consumption per 
-mile, _ under the best conditions of electric street-railw ay practice, 7 
- found to be about 8lbs. The average weight of these cars , loaded, — 
- cannot exceed 8 to 10 tons, so that a six-car train would consume 48 — 
. = per train-mile for a1 maximum weight of 60 tons and average | speed 
ertainly no ceeding 10 miles | per “hour; while with a steam a. 
cz. consumption w ould be 58.8 Ibs. per train-mile for a maximum — na 
- weight of 200 tons and average speed of 20 miles per hour. If we 
with 10 is of considerable in- 


— 
‘The amount of coal consumed per car-mile is dependent upon so 
— 
& — 
— 
— 
q 
— 
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Mr. Davis, TABLE No. 13. 


used. | 
= 
= 


Atiantic States (As per U. 8. Census—1890). 


car-mile 


“oe 
<4 
Ona 


£2 


Reynoldsville, 
. |Clearfield, Pa. 


= 


ay 
ma<m 


7 
4 


= 


[.|Liken’s Valley, Pa.. 


18 


. Jackson Co., 
. |Wellston, Ohio 


[Illinois and Indiana... 


Ii, 


a Duquoin, Ill.. 


+ 


Pittsburg, P a. 


Minnesota... 


Missouri..... 


MOM 


Kan... 


. |Crawford Co., 
Kan.. 


. [Iowa and Missouri... 


— 
— 
— 
— 
q 
E|\Maine......... T 00.0. 8. |Georges 52 878| 7.0 
2 Massachusetts. 8. ticormes Grosk 2 201 5.4 
q 8 E |Ohio........ 
Connection 
iia 
C 8. |Reynoldsville. Pa.... 1 460'23.7 = 
— HSC. | § 


TABLE No. 1 No. 13—(Coneluded). 
4 


‘Sours ATLANTIC Staves (As per U.S. Census—1890). 


|D. of Columbia 534 000 


Cumberland, Md... 1 
865 000 1 


Ww. Virginia... 


8. 

S. 
8. 
"Is. | 


H. 
8 


Rock Spring, Wyo.. 
Pleasant Va iey, h 
18s. Sp pring, 

14 E Washington.. 1 


796 E |Br. Columbia] $81 400/R 7.0 
W. 18 585, 6.7 
16 456) 7.5 


See note Table No. 15, for explanation of abbreviations. _ 


- given run. At times this figure is very much excesded, and also often | 

falls, under favorable conditions, to 4.5 Ibs. The conditions which — 
= produce ‘such large fluctuations in in steam- locomotive | service do not 
= in the central power station of an electric road. E In the latter 
ease we cannot safely figure on less than about 2% Ibs. of coal i. 
PE H.-P. per hour. This may be reduced in exceptional cases, but will © 
a - more often be exceeded. Apparently, this is a decided saving in favor 

- of the electric. road, but it is only apparent. Let us assume the follow-— 
sing efficiencies, which are fair averages: Engine, 90%; dynamos, 90% ome 
* line, 80%; and railway motors, 75 per cent. In considering these 


— 


_ figures it must be remembered that most of the time the — ote of ct ; 


4 

— 

— | wed 

— 

oal per on 

_ acter of the service makes it likely to have enormous variations, y “4 

| 

a 

She ~* 


~Pounps PER Car-MILE, 
‘Hi hest. Lowest. | ay Averag 


North Atlantic States a 


North Central 
Western 


 Roaps Ustne Sorr Coan, 
North Atlantic 


North Atlantic States. 

South 

North Central 

Westen 


TABLE No. 15. (as Gnovrme or 


| 


Flue. 

Vertical tubular. 

Return “ 
= = Water tube. 


condensing. 
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Mr. D 
— 
— 
— 
abbreviations are used in Lables Nos. 18, 14and 15. 


a 


ia 
the system is running considerably below its rated maximum point of Mr. Davis. 


economy; some engineers might place motors at 80%, making ee 
a 


rat 


i Pa jriving-wheel to move trains, double that amount, or, for safety, even 

- more, must be placed in the central power station, making the coal 
consumption 5 .1 Ibs. per I. H. -P. per hour at the motor car, which is 
but little better than the av erage of single- expansion steam-locomotive — 

_ practice, while if compared with compound locomotives (4.4 lbs.) it is 

higher. It be ed, however, that we have compar- 


way results at low fo 


with average practice in 
steam: locomotives at 

high speeds and heavy 

and, while the 
efficiency of present elec- 

; i. tric railways is probably 
less than if they were 

operated ‘under railroad 

_ probable that this ad- 
vantage would compen- 

sate entirely for 
weights which would 


team Pounds per I. H.P. per Hour 


an 
subject and ‘as addi- *™ 


tional indication of the 


per car-mile in that the weight 
moved, in this case, is considerably more than double per car (exclu- — “ae 
sive of other conditions), and that small detached steam plants are - 
used, running high pressure and single expansion, this is strong 
A corroborative evidence. Turning to Table No. 16 we find that the ; 
_ per train-mile on the railroads of the New England States is about 95 = 
i cents, or 19 cents per car-mile; this includes freight trains, which, “d Pi 


__ * The diagram, Fig. 10, is taken from a paper by Mr. 8. M. Vauclain. ae the St. 
Louis Railroad Club, November 11th, 1898. 


= = 
— 
| 
| 
ype) 
mis 
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(Continue 


23 Average distance traveled per passenger (miles). 
24|Number of passengers carried one mile (passenger 


or movement) 
Number of passengers carried 


ox 


Passenger trips per capita per annum in New England.... 
Passenger ey per capita per annum of urban population 
in towns 8 and upward (89 towns) 
Passenger ae per capita per annum of urban population 
in towns 2 and upward (248 towms). ..........esseee05 
Passenger trips per capita per annum of urban population 
in towns 1 000 and upward (819 towns) 
Passenger trips per capita per annum of 
by electric railways, Tables Nos. 28 an 
+/81| Passenger trips per capita per annum of population served 
le by electric railways, Tables Nos. 28 plus 3 ; 
t 82| Passenger earnings per capita per annum in New England$)|| 82 
33| Passenger earnings per capita per annum of urban popula-|| q 
tion in towns 8 and upward ($) : 13.88 
5 per capita per anpum of urban popula- 
tion in towns 2 and upward ($) 0.6 poeak aaenane 
+/35/ Passenger earnings per capita per annum of urban popula- 
tion in towns 1 and upward ($) Py 
86/Passenger earnings per capita per annum of population t3. oo, 
served by electric railways, Tables Nos. 28 and 29 ($)... 
87|Passenger earnings per capita per annum of population 
| served by electric railways, Tables Nos. 28 plus 29 ($) 


. STEAM FOR RAI 


oO 
4 


(a) Reports of 1898 are not at hand at this writing, but for the discussion this is not essential, the relative difference being of greater — 7 


(6) This number includes all roads making separate reports to the Railroad Commissioners; many of them are owned or leased to one of the a 
large systems operating in the New England States, but for comparison the above figureiscorrect. +, 
-_ (e) While the average number of cars per train for the New England States is not at hand at this time, the Pennsylvania Railroad, from 1874 tien = 
to 1884, averaged 5.21 cars per passenger train; since that date the number per train has certainly increased. 


po 
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J 


England States—Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut. es = 


Aut Steam RatL-|_ 
Roaps.  |R.R. Reports! Ratio. 


‘Writer. 
Table No. 4. 
"(See Table 
No. 29. ded 


‘4. beg 
| Characteristic signs. 
| item number. 


Number of roads 

Total passengers carried per annum 

Total length of single track operated 

Percentage of operating expenses to gross earnings .... 

Total passengers carried per mile single track operated. 

Total car-miles operated per annum 

Total passenger-train-miles operated per annum 

Passenger earnings per mile of single track operated ($). 

Passenger earnings per car-mile operated (cents) 

Passenger earnings per passenger-train-mile operated 
(cents) 

Passenger earnings per passenger per trip (cents).. 

Total passenger earnings per annum ($) 

Number of passengers carried per car-mile operated 

Number of passengers carried per passenger-train- 

operated 

Percentage of dividends paid 

Percentage of interest paid .. 

Permanent investment per mile of single track operated ($ 

woo stock and debts per mile of single track operated 

Total operating expenses per car-mile operated (cents) 

wn operating expenses per passenger-train-mile opera 


@Q 
i=) 
< 
° 
<q 
mM 
— 
= 


ELE 
tha 


Oc OF 


16.52+- 


Passenger earnings per passenger per mile (cents) 
22|Number of passenger-miles per passenger-train-mile 


a 
all 
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cr Mr. Davis. eliminated, would reduce the cost per train-mile and car-mile for a cs 
passenger tr trains. Electric railways in the New England States operate 


at an average of 16.52 cents per car-mile. see from Table No. 
11 that the average cost of fuel for locomotives is 8% of the total cost == 

_ per car-mile (passenger and freight), while, for central power ating 
it is 5.4 per cent. Combining these figures and allowing for the use — 

_ of compound locomotives (but making no deduction for freight trains) 2 

_ we have 1.29 cents per car-mile for locomotive fuel and 0.89 cent per = 3 

_ car-mile for central power stations. a The difference of 31%, apparently _ 

in favor of the electric system, in the light of the foregoing data, is 

dueu undoubtedly to light weights, low speeds and including freight 

trains | (say 30 cars per train) in the steam-railroad estimate of cost per = 

- -mile, and which would certainly disappear under steam- railroad = 


The cost of coal largely upon | the amount of 


atl cost than by smaller unite, really do not, to the 
7 € fact that so large a part of such a station is idle many hours of the ~ = 
day; ; and, although at their maximum 1 point of « economy they are far - 
. ahead of small units, the question at issue is not ‘ ‘*the cost of a horse- s 
power at the station,” but ‘‘ the cost of a horse- mower at the rim of ra e 
driving wheels.” “The cost of this last- mentioned horse-power for 
electric traction i is not only made uj up of ‘station expenses, bt but also line ey 
expenses and electrical equipment expenses, when compared with the 
2 cost of the same horse-power produced by a steam locomotive. When 7 
these facts are taken into consideration it is invariably found that ae oe 
controlling factor is the headway of trains; the less the headway, the 
more chance f for ‘electric traction to pay, end vice “versa, so far as as the 


cost of a horse-power at the rim of the driving wheel is concerned, =e 
a affected by the amount of fuel burned. T he figures given show this 
The cost of handling coal would be substantially the same with 
either system, as there would be only on one station in 
ease. ~The cost of water would undoubtedly be greater in steam- loco- = 
a motive practice, where it must be supplied at various points along an 
extended line; but one short suburban roads, to which our discussion 
is limited, the steam locomotive could make a round trip without 
requiring water, or would have to be supplied only at each end of the 
line; and, as the central power station would use much more water on = 
account of larger horse-power and the use of condensing, it is 
_ likely that there would be any great difference between the systems. _ ae 
The use of oil and waste on the motor cars | should be much less than a 
that which is necessary for the proper care of steam locomotives; 
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—@) Two sources of power, each 100 miles from the line of _— (85 miles long) — 
 gnddividing thesameinto4,4and4 
_(c) Development of these water-powers to cost no more than eleven power stations 
BaF in Case 2 (this is highly unlikely, but favors Case 1 as against Case 2). ae Tana: 
@) 
to and 1 000 volts direct current from sub- stations to rellway 
motors (this favors Case 1 as against 
Sections, 8.5 miles long (44 892 ft.). 
ns, 11 2238 ft. long, in it sub- station rotary tran form 


w Each train will require not more than 10 000 I. H. -P. at the stations, under eco- 
(i) Each sub-station an economical rating of 20 000 I. B. -P. 
® In either case, feeder lines along the line of railway ¢ equal each other (this also 

favors Case 1 as against Case 2) 
7) All other conditions to be the same as assumed in a previous article byt ‘the _ 


“@ Eleven power stations, one 2 for ‘each section and one at each end of the line, 8.5 


miles apart, each supplying current to 8 sub-stations with rotary transform-— 
Cost of the eleven poner stations, each 30.000 


evel 
_ (c) Three-phase alternating current of 10 000 volts from power stations to sub-sta- 


id rt tions, and 1 000 volts direct current from sub-stations to railway motors (this 


i All other conditions similar to e, Le g, h, i, j and k, of Case 1. — 


are are a against dust and “dirt, ric 
the surfaces subjected to friction, but this. cannot be done i in the case — 7 


a of steam locomotives. This saving in an electric system is, however, 


te the use of oil and waste in the central power 


station, so that it it is unlikely that there would be much, if any, ee 
ence, The figures i in Table No. 11 indicate, however, that there  — 
——_ of about 50% in each of these items as compared with steam 
P+ Shee far we have considered an electric line with power stations % 
ae located adja cent to the track and with the usual 500-volt di ect-current. 
_ system. Ifa cheap source of power (waterfall), located at a distance, 
_ with the power transmitted to the line, will reduce operating expenses © 
: a below what they would be by the assumed method, then this saving ~ 
— compared to the results of a steam railroad; but, should the 
reverse be true, the latter « comparison is unnecessary. An example 
ie will best bring out the antes and, while the case is hypothetical, a ys 
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Mr. Davis. careful examination of the figures will satisfy one that the conclusion © 


‘Fig. 11 shows the layout of a railroad and feeder lines utilizing a mi 


_ Assume the conditions shown in Table No.17, 


a From Figs. 11 and 12 it will be seen that the track, third rail, 
direct-current feeders, sub-stations, etc., will be the same in both — 


bated 
ia 
SCALE OF MILES 


eases. The amount of copper in the high-voltage sub-feeders in Fig. 


11, which run from the points where the transmission lines strike the “aa 
road to the sub-stations either way, would be greater than that in the 


high-voltage lines from the power stations to the sub-stations in Fig. > Ps 


mission lines themselves (Fig. 11) from the water-powers to the points a 

where they strike the line of the railroad. Under the above conditions, es as 
if the interest on the additional investment for these transmission lines 
from the “cheap source” of power to the railroad line in Case 1, exceeds 


— 
— 
correct, whether or not the estimates in themselves are considered __ 
— 
cheap source of power (Case 1), while Fig. 12 shows one for which 

power is generated by steam plants along the line of the road (Case2), 
cer 
—_— |p; fa 

— | 

|| 
— 
__12. The main point to consider, however, is the high-voltage trans- 
— 

ee ___the difference between Case 2 and Case 1 in cost of ower delivered nee 
- 


4 


= 


producing power at these waterfalla and the sub-station 
feeders. If the interest on the former exceeds the difference i in the > 
latter, ean: it is unprofitable to use t the ‘‘ cheap source ” of power. te 
In making the « soeaaitiens' every care ‘has been taken to be fair to 
Ce the distant source of power, and wherever then is any room for doubt, 
‘‘cheap source ” head been the benefit, 


SUB FEEDERS (HIGH VOLTAGE) _ 


_scacormes 
5 3 


ens calculation of the ontesrtsips of copper necessary is as follows: 
Circular _ Current x Distanceinfeetx20 
‘ (Diameter of wires squared) Volts lost in line. 
_ Watts _ x 746 


Current = — Voltage of transmission. 
ee Pounds of copper = 0.016 x circular mils x miles. 


4 Pounds of ec per of x Loss ‘in volts 


For 100 miles transmission at 20 Senin and a ssid of volta 


“the line of 20%, or 4 000 volts the formula 


ry 


Pounds of copper = = 158 x Horse=Power. © 
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the sub-station supply feeders, then it is unprofitable to utilize the Mr. Davis 
= _ Our calculations, therefore, can be confined to the cost of the two a : id 
transmission lines in Case 1, each 100 miles long, from the two sources a 
| 
ic 

4 


EL TY VS. STEAM FOR RAILR‘ DADS. 

Davis, This i is correct for direct current. For alternating, the inductive 
a ~ loss would increase the amount of copper required to obtain the same a 


» 
ae. total percentage loss, or, if the same amount of copper were used, would ie 


ae Toe increase the total percentage 1 loss. _ At the same time there would bea 5 
saving due to the three-phase wiring system, which would partly coun- 
terbalance the loss due to induction. The actual formula would have 4 
_ 7 : = be deduced for each special case of wiring, but, on the whole, the © 
above formula, used directly, is sufficient for our purpose. 
the horse- to be equals 412 500 at 20% 


‘copper necessary is 65 115 000 lbs. 


_ _ We therefore make the comparison shown in Table No. 18. 


TABLE No. 18. 


‘Total horse-power to be deliv ered t to railw line at supply — 
000 


otal horse-power at source of 412 500 330 000 
Total horse-power at each power station. .. 206 
Total distance power is transmitted from each station 
Pressure at source of power (volts). 000 10 


“ railway line (volts) .. 
4 in line (volts). 


_ Number cf sub-stations supplied from each source. 


625 


~@ Average length of sub-feeders (miles).......... 10. 4 
Number of sub-stations on each group of sub-feeders.. .... 


Pounds o of copper in transmission 65 175 000 


4 To the total « cost of tranimission line, amounting t to $25 on 000 0 (in 


i 


the two walee-pew ers to 412 500 H.-P. as against 330 000 H.-P. inthe 
eleven steam-power stations along the railroad line. 7 here should also : 


be ‘added the additional cost of feeder lines from the two railroad ter- 


_ minals of the transmission lines to the sub- stations, as against the cost 
_ of feeders from the steam-power stations to the sub- stations. W hile 
_ these two items would undoubtedly amount to several million alien 
in the case under discussion, we have omitted t them, , owing to to the dif- a bre 
4 ficulty of estimating the former without accurate surveys of ‘special 

localities to be developed; their omission favors Case 1. So far, we 
_ have an excess in first cost of $25 000 000 against Case 1 as compared 


w here D = distance one way in feet, Pind 


_ W = total watts delivered to consumer, singel 


P= | 
of loss in line o' 
and E = potential between conductors at consumers’ end of line. 


q 

— vaitway CARER 

— 

1; 
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Table No. 19 is an estimate of the cost of our ur proposed transmis- Mr. Davis 


wey -—two strips 100 ft. 100 miles long = 25 
g@eres at $1 000 average 
Engineering, 2% on $15 000 000... 
Clearing 600 acres at $100................. 
Bridges, v iaduc or submarine any (an estimate). 1 500 000 
_ Crossings, say 120 at $1 000.......... 
Signals for guarding and repairing ae ones at $1 000... 
Telegraph, 200 miles at $1 000 
; a repair track ant equipment, 200 miles at $5 000. 


Contingent, ete., not to opening of road, 5. "2% 
= cost. $25 310 000 


Table No. 20 is a comparison of the running expenses under the _ 

hee conditions, based upon the calculations in “ The Enormous Pos- : 
sibilities of Rapid Electric. Travel,” already r referred to, the ‘ite 


being given in of total per car-mile run, and 


0 
00 
00 
0 
3 
25 
8 
0 


of-way. 
Renewals of feeder « on transmission line right-of-way 


Repairs of bridges a ond | twestios on transmission 


Renewals of 


Repairs of buildings on transmission line right-of-way 
3 _ Repairs of signals and telegraph on transmission line righ’ 


Water supply 
Oil and waste 


Power station 
Average horse-power dev at source of 

Total car-miles per annum., 


say 


— 
oe 

| 

| Repairs of N. G. track on transmission line right-of-way .... 

excess power developed by water-powers (2%) 
items being the same, the reader is referred to the other articles men- 4 


Table No. 20, it is the items to the cost | 
-mile by the use of water-powers located 100 miles away about bal- 
ance the ; greater cost of fuel, water, oil: and waste, repairs t to power 


i stations, and power- -station Ww ages, where the stations | are » located © ae 
4 close to the tracks and operated by steam power (each amounts to 
a 18 per cent.). Hence the total expenses would be practically the same Bi 

; 4 for each case. As the transmission lines cost $25 000 000, the interest _ 

thereon is the total increase in the e expense of utilizing the water. 


even ‘10% ($2 500 as the case require, or seb 


tate. The use, therefore, of these ‘supposed _water-powers_ would 


"decrease the earning capacity instead of i increasing it. 
ian Let us, for the moment, assume that our calculations of the operat- 


ing expenses with the use of water-powers is inaccurate, that in many 


of the items there is a greater saving, and that those no ) counter- 
in the other column can be materially reduced. 
BY Saving in Cents per Car-mile which 
$2 500 000 
18% (total of percentage items in Table 15 cents 
a _ (assumed cost per car-mile) equals 2.7 cents; so that, at the five interest = ae 
rates, we can afford to have our figures wr Ww by the percentages s shown 


interest at 109% — 26696 of 18% (389% of total) 


‘ It is unlikely that we have made any such error as would be neces- eat 


sary to show that, even with money worth only 3%, * would payto 
_ utilize the water-powers in the case we have discussed. _ Furthermore, “ie 


highs 
4 we have favored Case 1 in ev yery way, and more especially by — 


ing a 20 000-volt system with one of 10 000 volts. 

we used voltages on our transmission line, the copper 

At 50000 volts 63 x H.-P. $l 


x H-P. = 2600 000 
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‘By using higher voltages some items of the first cost would be mr. , Davis, 
slightly re reduced, but, coal these constitute more than 60% of the =a 7 

cost, whereas ¢ copper constitutes less than 40 Var reduction in the latter — 
increases the percentage of the former, although reducing the actual 
100 000 volts, the cost would not be less than 


= sponding sav per car- ar-mile w hich place allow this in- 
-—_-vestment equals 0.7 cent; therefore 25% of 18% (4.69% of total) can be 
; Wy allowed, even in this case, for errors in our calculation. eel 
8 The case we have discussed shows conclusiv ely that it would not 
to to utilize th the water- “powers. may be said, this covers only 
‘problem. hile this is true, nev ertheless | this problem is one 
chosen to enable us to arrive at a general conclusion; for we are dealing — 
er a very large amount of power at a comparatively short distance. 7 
The larger the power to be b-ydaerdn more likely it is s that a — } 


iJ 


calculations have been given to out how unlikely 


trunk » like the Penneyivenia Railroad, for will 


its entire system to electric traction. This system, east of Pittsburg 
. has 2 747.35 miles of railroad, 8 259.36 miles of single track, 1 803 
locomotives, 1 765 passenger, baggage and express cars, and 90527 ] 
“goods cars. If locomotives were conv erted at an average horse-powe 
of 300 each, this would make an aggreate of 216 360 H.-P. to be trans- _ 
é “mitted (allowing 20% in shops and 50% of the total horse-power of the E 
_ locomotives to be transmitted), while it w ould have to be taken over many 
‘ Eipr-yeea listance given i in the example. a Apply the formula for pounds © 
of copper in transmission line ‘and we see how enormously the weight b=. 
is increased as the distance increases in the case of the Pennsylvania _ 


cost is when one the claims of 


_ Repairs of passenger locomotives and tenders on steam roads — 
average from 4 to ih cents per mile, with about 1.5 cents to be added 4 
for repairs to tools, shops, machinery, , ete., properly chargeable to 
motive power repairs. Statistics os of roads are very imper- 
fect and unreliable on matters of this kind, not only because, in the | 
ear such roads have usually been operated by those familiar with 
_ horse traction, and having little mechanical knowledge of or oat mand 
toward the pr precise methods of steam-railroad management and a =» 
peration, but because of the constant change of before 
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| 
4 
+ 
— 
— 
. 
a 


yee roads, they would be « only indications of ‘might on 


a system similar to the one under discussion. From Table 


2% for power- -plant re repairs, a total of 11.2 per cent. 
hen we remember the small horse-power involved, and the light 
_ weights and low speeds, it is hardly likely, with the large increase = 
these necessary under steam- railroad c conditions, that the cost of repairs — 
and maintenance of the motive } power - of an electric road will be any aa 
= than that of a steam road. It i is to be regret ted that n more penne’ 


passenger cars would be the same in either The item “ use 
foreign passenger cars” is ‘the rental paid for the use of cars 
_ other roads while retained, and of course would be unaffected by the | 
use of any particular system. While the operation of a motor car 
involves far less labor than that of a steam locomotive and its tender, 
yet the danger that the operator might be incapacitated makes 


necessary to have two men at the of the although one m man 


re pre of one system over the other. e would. be a mistake to save 
wages by utilizing alower degree o of intelligence or skill for motormen a 
and their assistants than is now used for engineers and firemen on _ 
_ steam railroads; the tendency to do this has cost electric street- rail- 7 
way owners many thousands of dollars—more, in fact, than is usually iy 


— 


realized. ; Passenger- train service would not be affected by the use of = 

“one system or the other. Central-power- -station service is an addi- 

a ‘ tional charge against the electric road. _ Were the operative method _ 
train services (wages) would be greatly increased, as shown 
now come to (c) ‘* Station, Terminal, Taxes and General 
divided into ten subdivisions, none of which is affected 

a by the character of road-bed, rolling stock or mechanical apparatus a 2s 


ae of any kind, but is dependent upon the character of the business ae 


F these items | are unaffected by the use of any particular motive power. ce fe, , 


Fixed charges ” includes interest on bonds, and rentals; the actual se 


rate of interest on bonds i is not affected snd the system used, sprit in 


AM FOR RAILROADS. 
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) MOUOrs, TruCKS #00 Cars OD the elecuric 
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7 first cost of an electric system is considerably greater litions,and 

steam-locomotive road when operating under ‘the come: 


natural increases caused by electricity. 


the ad ‘fixed charges ” of an electric system, under steam- 


15% or more as. an increase of expenses ageinat the electric r road, as- 
suming, of course, e, that the cost i in each case is covered by bonds, which — 7 

- This is no inconsiderable item, as the average fixed charges of our 
| present steam roads are I not less than 2 20% of the gross receipts, and, 

Sa this is increased largely by the use of electricity, it is more of 

g burden than can be overcome by inconsiderable savings in items of oa 

- operating expenses (if such savings are even possible), such as slightly ; 
lower coal consumption, motor car repairs and maintenance, bridge » 


and maintenance, track repairs” and maintenance, ete., which 


may be claimed in favor of electricity by some ardent adv conten, irre- 


spective of the intrinsic merits of any given problem. 
i | recapitulate: We see, by Table No. 11, that | ‘the additional — 


against electric omitting interest on | increased f fixed 


a in each case and all doubtful items, is 4. 95%; or 2. 2.02% against the ae ee 
electric system, with the largest of all items not considered. 
From what precedes we have shown that the following would be a 
additional charges against the electric road over @ steam railroad, and a 


1. Renewal of 
2. Repairs of bridges, 
3. Fuel for central-power plants 
Water supply (unlikely). 


5. Oil and waste 


These are items of sufficient importance to necessitate a very car eful 
een of each individual problem before deciding upon a change, or 
even an original installation, 
ee But some may say that tl the average of 17 cents per car- “mile is high 
tor electric roads, ‘and so it is for a first-class well- managed road, but : 
80 is 19 cents for a similar steam road. The Metropolitan Street 
ee ed of New York makes the statement that they operated at “a 95 


ad 
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only amely, when the units are small, light Mr. Davis. 
— 
— 
q 
— 
| 
i 
4 
4 
7 Renewal and repairs of transmission line. 
it not necessarily probable, 
| 
— 


= 


| 


‘per mile, while i in an a article i in Cassier" 8 Magasine of August, 
in the month of 1898, at 7.5 cents per car-mile. 
these figures must be taken with a great of caution, and for 
‘the same reason, namely, the period during which both : systems have 
been in operation has been short, and neither yet knows what its true a 
operating expenses are. Table No. 11 (last column) indicates this. In 
this table it is seen that the train expenses ” of the 
‘Street Railway, most items of which are unaffected by time, are ap- — 
proximately equal to the average of all Massachusetts roads, which have e- 
been running several years, while ‘‘ maintenance and renewal of way 
- _ and works” are about 25% of the Massachusetts roads. ‘‘ General 
expenses nn also about 25%, and accidents about 70 per cent. 
expenses were distributed between cable, horse and electric 
systems; but, assume that these figures. are correct, and that 
road can be operated at 7.5 cents per car-mile, even then 2 
are not approaching the best wenn railroad results. The Pennsyl- — 
-vania Railroad Division of that system operated, in 1897, about 5 cars 4 
per passenger train and 30 cars per freight train (both figures = 
underestimated) ; total train mileage of about 50 000 0000 
was made, divided into 16 000 000 passenger-train-miles and 34 000 000_ Br. 
freight-train- ation. The cost per train-mile was about 75 cents for the 
“total mileage. Taking 75 cents as the actual cost per train-mile, for a 
either passenger or freight, we would have 15 cents per car-mileas 
“operating « eapennas: for passenger cars and 2.5 cents | per car- ar-mile for wig 


a, train- mile must cost more than a passenger- -train- ahi but the Aone x y 
would have to rise ab above the average | to $2.25 per freight- -train- mile a: 
before the cost per ca car- -mile would i increase ‘beyond 7.5 cents. oe - Again, 

- 4 the average weight of an electric car may be taken at 20 000 Ibs. (10 af 
» °% a tons), so that at 7.5 cents per car-mile the operating expenses would — 
a be 0.75 cent pert ton- mile, while the —— ania Railroad Division 


satine as motive powers, it is seen ‘that only Ww here the units are 
‘many, light and frequent, and operated over comparatively short dis- 
_ tances, can the use of electricity result in lower first cost or operating : 
expenses; but this involves a change in the method of “operation for it 3 
> prove desirable. Where units are few, heavy and infrequent, and o 
operated over long distances, the use of steam locomotives will result — é 
Tr > in lower first cost and operating expenses, and prove more desirable. 
Though t this ‘general: statement may be by ‘Special 
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of newly projected roads, 


interurban traffic between towns a ‘host distance apart, 
_ traction is to-day higher in first cost and operating expenses; and even 
_ when us used ‘under such conditions, it may still be so, and success will | 
only come with a corresponding change in operative methods. 
ee The fact that usually the first cost and the total expenses will be _ 
w with electricity than with steam might lead us to discard the 
thought of former under any circumstances, were ‘it not for 


of we pay for ‘the ‘additional first and 
greater total expenses. This is the vital question and the real one at — 

; ‘; issue, although usually not so considered; but, in general, the induce- : 
ment to adopt electricity instead of steam, or to discard the latter, will 

_ be the increased travel which undoubtedly comes, ina greater or less 

degree, to roads using electric motors. 
‘Freight and miscellaneous receipts cannot be affected by an any ny change 

b of motive power, so our discussion will be confined to the effect on 7 


3. 


By examining s statistics of steam railroads we find that the volume Z 
of travel is influenced by such features as the following : Convenient — 
location of stations with respect to centers of population ; length of | ; 
line; proximity of terminals to the centers of population ; ‘number of - 
3 (the 1e four points: just m mentioned have : an overwhelming ‘effect: 

on short-haul traffic) ; good road-bed and track neatly kept ; hand- 

‘a commodious stations, with first- class appointments and service ; 
comfortable and luxurious cars; block signals ; cleanliness, 
Profit is proportional to success in obtaining that travel which enables -_ 


each train to run full, for the cost ofa train-mile is not affected by the — “ 


. number of seats taken ; and it is this travel which is obtained by a line BS 


and the railroad eventually pays the additional cost of Nehinonee, 
y pay 
switching, cartage, etc., and the by actual 
difference in rates or loss of business. = - 
‘The same is true in passenger traffic, ¢ as will be seen by free omni- 3 


“buses, reduction in rates, etc. Ifyoucan take the passenger up p at his 


own door and set him down at his place of destination, you have not ar i 


Bs only suited his convenience (and thus, as we shall see, induced him 
to travel ‘oftener), but have’ ‘secured those which otherwise 
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Without trying to define the exact limit beyond which electricity Mr. Davis. 
a 
pe one or the other system? If by using electric traction we can increase = - 
— 
— 
| 

| 
a8 


LECTRICITY vs. STEAM 


| Towns 8 000 Towns 2 


a 

130 346 | 152677 

385 287 | 49 204 928 
108, 445.018 


05 | 108058 | 85187 
332 422 | 36. 135 9135 2 26.350 | 


Totals and averages... 700 745 | 79.79 62005 | 57 662 | 


ld have gone to -hackmen, and street-car lines. This 
_ the steam ‘railroads: have failed to do, and it is clear that they cannot me 
Sy. altogether do aw: away - with these feeders natural to their peculiar modes 
and conditions of traffic ; but there is little room to doubt that in many 
cases steam railroads can modify their present methods, for suburban — 
traffic out of large centers of population and for interurban passenger 
traffic on branch lines | between centers ¢ of population, | by the use ¢ of zp 
electricity, paying the additional first cost and greater total expenses — 
_ out of the probable (we might say certain) enormous increase in their — e 
gross receipts. This, the writer believes, can be accomplished = 
a radical change in the present methods of operation, n, making “tem 
them approach, on parts of the system, the present ‘‘ leave-at- -your- 
= > plan of our street railw ays, W hile keeping, on the rest of the — 
system, the present methods of steam railroads with possibly some ie 
a minor modifications. To accomplish this to advantage, the use of 
will probably prove advisable, although in some instances 


a combination of electricity laters ‘steam might give tin results. 


often will, decks the question beyond any possible doubt i in favor se: ei 
wy electricity, always remembering that the adoption of electric traction — mee) 


means corresponding adaptation | of ‘methods, ana not the 


; Nt The Pennsylvania Railroad originally spent about $5 000 000 for its 


‘I Bri oad Street terminal; the great St. Louis Bridge and Union Station — 
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S. 


PoPULATION (CALCULATED FROM U. Census, 1890). 

“Towns 1 000 in Towns mable No. 29| Table No. 


000 and up- of Table } No. 28. (omitting | plus 29 (omit- 


(48) (19) 
90219 | 
401858 | 77 
668 | 152 


“cost many more millions; while the Market Btrest terminal of 


“ Maine Railroad systems, , the Southern Union Station of the New 
York, New Haven and Hartford Railroad in. . Boston, and the Grand — 
_ Central Station in New York are proofs of the millions of dollars spent 
( by railroad companies to locate their terminals at or near the centers 
of population. — These expenditures were incurred almost entirely <a 

- the sake of increasing the suburban passenger traffic, although giv ing 
decided stimulus to through and competitive business. In the 

writer’s opinion, our steam railroad companies ¢ can durengs to double (to 


2 ‘the e we shall find the shortest hanle, the most dense population, 
. the greatest ‘number of trains, , and the most accurate ‘statisties—we 
have from Poor’s Manual, Railroad Commissioner’s Reports and special — 


ver 


«Effect of In Iner Population.— _Fig. 1 shows clearly the enormous 
grow of population : and railroad mileage i in the United States: since 


"allways started at about the same time, the first street car opersting 
zs on the New York and Batten Railroad tracks, Fourth Avenue, New 


— 
— 
| 

4 o2 | Total 000 and) %| Popula- | © Popula- 
| Popula- | | popula- | upward.| | _ tion. is tion | tion — 
‘12 880104 | 66154) 52 252 | 474 42000 4 
727 708 | 4244 158 456.592 | 221 2 ase 765 | 85 | 1 190.418 | 268 

— 
2 
— 
plish what has been suggested above, reaping a handsome return from 
ealevlations hy the writer the varions tables and fionres hereafter diag 
—— 


Nous MBER OF CARS. 


| to total. 


1888, | 1898. | 1898, | 1888, | 1898, 


(b)428 (b)404 “1.7 


from a Business Standpoint. "—Cassier” 8 Magazi ne, ‘August, 1899. 


This table is evidently approximate, and was not intended to be 


York City, in November, 1832. it would be curious if in the near 
future (70 years after) some steam railroad should again change its 
§ mode of openntion so as to approach the methods of street railways. 


- to United States C ensus those communities which “ec 8 000. or more a 


gives | an while Table No. 24 shows me “grow th of 
=i railways in ten years, 1888 to 1898. The mileage of street railways 
_ (16 000) when compared with that of steam railroads (182 000) shows — 
_ that the former are confined to thickly populated areas, either within 
- their limits or connecting two or more such areas. _ Their methods of — 
a operation—small, frequent 1 units—adapted itself to such distribution 


of inhabitants and not to the heals at 


8 


ing upon conditions of prosperity. system like the 
Railroad could not have existed in 1830, even though it could have ae 
been operated at as low a cost as te to-de day. had no ‘suburban 


—— 
DISCUSSION ON ELECTRICITY VS. STEAM FOR RAILROADS. 
Mr. Davis TABLE No. 24.—Growrn or Srreer Ramways 10 Years, 
— 
q Blectric.....| 21 | 86/14 1.4 | 90.2 0.6 | 87.8 | 4,09, 16.17 
a 18 217; 486 3.6 3.0 2777 2920 11.1) 6.2) 12.06 
= Steam. 85 | 27] 216) 421) 3.6] 2.6 0.8 | 6.17 16.59 J 
 Totals...| 640 | 1073 5 908 |16 978 cl 

— | 
— 
— 
ehusetts down to towns of 1 000 
It is unfortunate that the old horse railways have leftsofewrecords, 
— 
= 
i a _ The growth of population and industries of all kinds (includin a 
moe. 

q 
— 


‘The concentestion of into urban ” districts has come Mr. Davis. 


through the increased transit of such communities. 


the time spent “getting in and out from the residential 
- see tions to the business centers; ; this, in turn, increased the radius of 


and that this action and reaction have e stopped. _ It is this enormous 
7 development of the country which has allowed the constant increase i 
a investment on transportation systems, and this in turn has a 
the carriage of both passengers and freight. In the growth of aan 
facilities and methods the ‘‘ radius of action ” of the roads has increased 


; a There is no reason to suppose ‘that these conditions have silat 7 


versa; but when our cities grow beyond the present ‘‘ radius of action,” an 

our transit systems must take another step. . Some communities hav > oho 
arrived there, and the solution will undoubtedly be the equip- 
ment of our steam railroads, running out of and between those near 

together, with electric traction. will enable them to change 

operative methods to approach present street railway practice, thus 

gross receipts enough to offset interest « on increased first 


present investments and traffic have also tended to the cost of 


 . Effect of Increased Capitalization. —Fig. 2 also shows the enormous ~ 

_ increase in mileage and investment of street railways i in Massachusetts, md 


jn in any other part of the United States, as shown by Curves Nos. ‘ 
es and 6, Fig. 1 dt is because of this increase, which is still going on, 


4 ‘systems. will induce our steam: ‘railroads to increased - 4 
4 traffic in urban, suburban and interurban areas by small, frequent units, — 
by electric motors, and thus also stimulate and again increase 
is traffic which will only grow so much and then wait to be encouraged. | 
a Curve 6, Fig. 2, shows the tendency toward increased investment 
*per mile; the drop from 1894 to 1896 indicates a greater increase in 
; suburban than urban mileage, costing less per mile and thus reducing 

a the average. Fig. 3 shows how comparatively small was the percentage 
> 1 increase of steam railroad mileage, but a very distinct increase is 
— shown i in investment per mile (Fig. 3 gives totals of roads in Massac 


“setts, but includes mileage, etc., outside the 


¥ 


= 
— 


ig 
= steam railroads to increase their local facilities, which again reacted 

the of ell of whish encouseced concentration 
- 49> constantly, and as it increased so did the urban population and vice fe be 
— 
ii 
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DISCUSSION 0 ON ELECTRICITY VS. STEAM: RAILROADS, _ 


Davis. Effect —Figs » ond 5 show the of 


in all items (ourves) and found in the various 


betw een the years | 1870 and 1890. We again see the « constant increase = 
in gross receipts, ‘especially “of the street railways (400% as against 
150% for freight and passengers of steam railroads, being 120% for a f 
_ passengers only, Fig. 7,Curve 4); and also the increase in interest and : 
_ dividends on increased capitalization, some of which is not chargeable a 
to increased mileage (also much larger for the electrics than for the 

_ The gross traffic earnings per mile increased 25% on thesteamand __ 
decreased 4° on the street roads; the latter is undoubtedly due to the — : 


relatively large increase in mileage; this curve, however, has 


=. 


‘* characteristic: ry sign ” which will be shown in future growth in the 
: y ears to come. Curves 8 and 9 in both figures show the characteristic es: ae 
constant reduction in receipts per car-mile or train-mile, due to in 
creased mileage giving better facilities and thereby increasing the es 
traffic « ata - slightly 1 lower rate, both as to # numbers an and fares; also jo reduc- 
i in operating expenses p: per r car-mile as as the same increases. 
Effect of Increased Traffic.—Figs. 6 and 7 (see Table No. 10 also) | mh: 
again bring out the same characteristic as the previous 
figures, and, in addition » the following: Curve 10, Fig. 7, indicates that 
= passengers are hauled a shorter distance, on the average, ¢ every year. — 
, Fig. 13 brings this out somewhat more clearly. In the Eastern States, 
which are more densely populated, the average distance is approxi- — 
mately constant, but with a tendency to fall. In other words, the Pat 
. proportion of f short-he -haul passengers to total passengers is ris rising asthe a 
population i increases and the rides per inhabitant per annum increases. — ii 
__ As the long-distance telephone system develops, its use will growto 
.. 4 such a point that it will no doubt haves decided effect on long-distance A ; 
passenger t traffic, if it it has not already. This will increase the wae = 
of short hauls as compared with gh 
7 business of our steam railroads (or their de velopment 
electric railways) in the future, will be more and more largely that of i 
suburban and interurban localities. - The increase in total passengers > 
carried was 308% on the steam railroads and 507% on tl the street rail- 
(see Table No. 16 for totals), while gery -train-miles increased 
and 364% (car-miles) respectively, = | = 
"The per passenger are constantly decreasing as the number 
; of passengers increases, as as shown by Curve 6 on each ‘figure. The | 
4 larger } proportional increase in mileage of street ‘railways has reversed — as 
- the characteristic sign of Curve 4, Fig. 4 (receipts per mile of track), ie 
and Curve 9, 6 of passengers carried per mile of 


| 
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‘STATES. Passenger. per Ton, 


Middle 
Central Northern _- 

South Atlantic 

Gulf and Mississippi a's alley_- 


r 


— 
— 


ir. Davis. when compare 
on the steam railroads of Massachusetts. Records do net give 
average miles traveled per passenger on street railways. - Whether or 
not there is a temporary increase cannot be ‘determined; but, that in 
the long run it tends to decrease, there is little room to doubt, bow 


Table Bo. 25 shows the increase in passengers: carried per car- 


ABLE No. 25. amp Seman Roaps 1N Massacuuserrs. he 


operated (Steam Railroads) 


This shows the increase in train- -mileage of steam roads as com- 


pared w with passengers carried, while the reverse is true of street - a 


—- ‘Passenger rides per capita per annum and corresponding receipts per eh 
capita per annum have increased enormously on street railways when a 
compared with steam railroads. The number of rides increases more 

a ‘rapidly than the e receipts per capita; about twice as fast « on steam rai rail- 

_ roads and 35% more on street railways, while the actual increase of 

a the latter has been 204% and the former 100 per cent. Ih other words, 
the steam roads have been reducing fares to more nearly approach the 
ow of street railw a 7 

yw the low fares (total cost per 
service of electric street 
railways have increased the per annum and the 
number per car-mileso that low fares are profitable. In 1896, the rides 
"per capita per annum were e 116 for sti street 1 railways and 44.5 for steam, — 
while the receipts per capita per annum were $5.95_ and $12.80, 


q 


Effect of Future Growth.—Figs. 8 and 9 are only of 
; a the f future has in store for ‘railroads and railway systems in in Massachu- y. 
v7 4 2m setts. ‘The predictions have been plotted by taking two points on the Me ik 
street-railway curves corresponding to 1885 and 1895 and wees ge 
the straight line to 1910, while me points on steam-railroad curves 


Those curves which when extended give a result contrary to the — 
‘characteristic sign” have been thus marked. The number of these 

; shows the indicative nature of the information and its lack of exact- 
ness, bagether with the importance of cross-references to ‘‘ character-— 


istic signs” "and curves: before arriving | ata a conclusion based 
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a TABLE No. 26. —Ratios OF ‘Comparative Statistics or Steam Mr. Davis. 


) STREET Ramways. 


: Ratio oF CoMPARATIVE STATISTICS, TABLE No. 16. 


sin 
ble 


‘Ta 


subur- 
of New 
‘able No. 


Table No. 


city rai 
land. 


ban and interurban 


railways. Tables Nos. 
Table No.3, 


interurban railways. 


Table No. 3. 


Table No. 4. 
= 


No 
Electric 


Electric suburban and 


_ interurban railways. 
Electric city railways. 
Electric suburban and 
Steam railroads of New 


| "Table No. 4. 


New England. 


Electric city, 
Street railwa 


En 


All electric railw 


Number of roads taken. . 
|Length 
carried. 


S29?) 


carried per 


26/Passenge ‘carried per 
capita per annum. 1 0.86 
8 Passenger earnings per| — 
mile 
Passenger earnings 


car-mile 1 0. 0.87 
passenger 1 1.08 0.90 


earnings per 
| capita per annum........| 1 (d) 0.84 (a). (d)|0.80 (d) 


| 


4/Percentage of operating 
19 Operation expenses per| | 
investment per 


18\Capital investment 
| 


(a) Estimated 5 cars trainonsteamrailroads: = all 
_ (b) Population served estimated to be the total in New England. EA to 
4 — ©) Population served estimated to be that given in Tables Nos. 28 and 29. ils 
_ (da) Population served estimated to be the total in New England for Column 1, ane 
nel given in Table No. 29 for Column 2; Table No. 28 for Column 3; and Tables Nos. 28 


jection” rather than “ ‘ prediction 


“curves; ‘but, nevertheless, they 

indicate strongly the future, with its lower percentage of earnings on 
capital invested, lower cost of operation, greater percentage of operat-— 
ing expenses and Jarger gross revenue coming from that enormous 
future growth i in p passenger traffic at low fares with electric propulsion. 

When the population and real wealth become fixed, then such 
growth will cease, but only then, and will fluctuate 

ry Comparison of City a and Suburban Railways. 

a have been prepared in an attempt to make the discrimination between 


| - 

| 4 1 1 1,08(a) 
| 
r an i 1 (oll 
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DISCUSSION ON ELECTRICITY VS. STEAM FOR RAILROADS. 
Mr. Davis. roads ‘‘in towns” (urban) and “between towns” (interurban). Some 


of those i in either table may more properly belong i in the other, but it 


Suburban roads been placed in Table No. 38, where their 


Nos. 6 voll 7 give summaries of Tables Nos. 3 and et ee mat 
these tables at and from Table No. 16 has been calculated Table 
No. 26, giving ratios of statistics s of steam and electric roads. The 2 
first five items (1, 3, 2, 12 and 6) show the relative number, length and es 
_ capacity of roads, for these may affect the other items in the lower : 
_ part of the table (5, 13, 26, 8, 9, 11, 32, 4, 19, 17 and 18). From this = 
table-we we have Table No. 27, showing characteristic signs, when 
i) is made according to the notation at the top of each column. 


ie 
 lelelalal 


4, Percentage of operating expenses................. + —|t+ -_i--$ 
19. Operating expenses per 
17. Permanent investment - 


he, “The characteristics brought out by these figures are 
number of passenger trips per capita per annum, per mile of track and a 
‘per car- mile, and the greater total number carried by the electric 
roads when compared with: the ‘steam ‘railroads; also the larger 
earnings mile of track and car-mile on the electrics. The 
receipts per ‘passenger per trip are only 16%, while the receipts per 
capita per annum are only 63% of the steam railroads. The steam 
_ road gets greater receipts per trip, but carries each passenger a longer . 
distance, and has to run a disheartening number of cars or train- -miles 
for the passengers carried. The difference is due to the short trips, 


fare passenger and car-mile, and the leave- ot-your- door” 
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service of electric roads, while pore trip is delivered at an extremely 


low “total cost” tothe passenger, 
Suburban and interurban railw ways carry fewer passengers per 
mile, p pe mile, and per capita per per annum than « city railways. — 


a earn sane per mile of track, more per car- -mile and per passenger carried, _ : 
& and less per capita per annum. at a lower 


. Effect of Population Served. —Tables Nos. 23, 28 and 29, show the ap-— 

: proximate population : served by each road in Tables Nos. 3 and 4. In 
locating any new line, ‘it is essential to know, as nearly as may b be, the | 
——- business which it will secure. Upon its amount, the | cost of 
_ the line completed, and the probable operating expenses, will depend © 
the profit of the undertaking. What other similar roads have done, 


is the criterion upon which | we base all estimates, and the three prin- 


trips per ‘inhabitant | per ae (2) iene per nile, | and (3) operating 
expenses per car-mile or teein-waile. pak The first is that in which we are 
In determining the gross revenue a head of population, the ais 
Le ethod has been to divide the United States into . arbitrary sections, _ 
a such as the groups of States in Poor’s Manual (see Fig. 13), and by | 
dividing the gross receipts by the inhabitants of each division Geter. 
the average amount contributed by each individual. course, 
each person does not spend this amount, i in fact, some d om not —_ 
- bute any thing, while others expend many | times the average ge amount — 
_ each year. The passenger traffic on any road can be divided a the : 
To Sap 
hess, Those who live adjacent to the line and are compelled to e". 
2. Those who are compelled to ride but who can take. ‘another — 


line just as conveniently. 


8, Those who ride for 


they are | the most or ‘decreasing by known. 
amounts in stated census periods, it would be the best possible basis for 
our figures of receipts per head of ‘‘ population served.” The difficulty 
is to get at this ‘population served.” An attempt been made 

tables, in order to mee: how receipts w ould vary according 


af 


— 
they cost 2596 less._A comparison of such roads with steam railroads 
— 
— 
=. 
— 
— 
— 
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TABLE No. SERVED By Roaps Tape 


~ Order accordin 
serv 
lest being No. 1. 


to 

sma 

Population served 


ig. 16. 


Population served. 


q 


Bangor, Orono & Old Town 
f Biddeford & Saco 
Lewiston & Auburn 
Portland & Cape Elizabeth 
Portsmouth, Kittery & York 
Rockland, Thomastown & 


Total and average..... 


Danbury ry & Bethel. 


Bangor.. 


= 


. 


Manchester . 


Nez. 


Meriden Electric 


Yalesville 


|South Norwalk..| 4 
East Norwalk... 
|Taftville. 


an 


Torrington Wins' 


Total and average.. 
“Arlington & —z | en 
& Orange........ : 6 319 )Orange.. 


Braintree & Weymoutl 10 866 |Braint 
Whitman & Rock: ree. 
E. Bridgewater. 


Bridgewater 

E. Bridgewater. . 
New Bedford.... 


& East Bridge 
Dartmouth & eatport 

Dighton, Somerset & Swan 
Fitchburg & Leominster. . 
Gloucester, Essex & Beverly eae 
Greenfield & Turners Falls ....... 
Haverhill & Amesbury............ 
Hav erhill, Georgetown Danvers s 


Montague 
Merrimack 


— 
— 
— = — 
— 
— 
— 
— 
— 
19 $27 [Hallowell........| | 
12 86 425 [South Portland.) (a) 
Hartford 10 | Derby (5 969 
M New Have m....| 2 000% 
Hartford, Manchester & Rock-) 81 208 (a) 
— Hartford & West 12 
— 2 2 |S. Manchester...| 1 500* 
= 3 230 |W. Hartford.....| 1980 
‘Torrington & Winchester..........8 17 | y 
— | 
50 
an ighton............| 889 | 
— 22 | berg 
— 


we 


URBAN AND INTERURBAN RAILWAYS. 


r capita 
ula- 


rved, 
r annum of pop 
nm served, 


0 ulation served. 


Population se 


Pop’ 


Farmingdale 
Orono 

% Old Orchard. 


3/8 


23 


Manchester Center..| 4 

Farmington Unionville.| (a) |Plainv 

Wallingford .........| 6584 

Winnipauk f 
South Norwalk.. | Westport. . 

fanti Thames- 


Forrestville......... 


— 
Plainville Center.... Newington 


Whitman 
— 


2 


= 


LE No. 3. Exzorric Sus 
— |. 
2 
ord ........|15 700) 46 
911 W.Bridgewater.....| 15 
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TABLE No. 28° (Concluded). —PopPpuLaTION BY Roaps | x a 


| 
#3 
a 2 
__ Massacuusetts (Continued). A : 
s 38 8 |Hingham.......... 4 564 E. Weymouth.. 
Hoosac Valley (North Adams)....s 34 | 37 |North 16 074 |Adams.,......... 9 213 
Interstate Consolidated (R.1.)....s 35 Seekonk......... 
Leominster & Clinton \, 36 | 20 |Leominster....... | 7 269 Lancaster ....... 
Lowell, Lawrence & Haverhill.... s 37 
Lowell & Suburban.. ............ s38)| 56 (|Lowell,............| 77 696 Billerica......... 
4 Marlborough..... s 40 


“Natick & Cochituate s 42 Natick... 9 118 |Wayland 
Newburyport & Amesbury.......\s 43 | 81 Newbury port .....| 13 947 
esi s44| 48 |Newton............ 24 379 |Waltham........ 
Newton & Boston................. s 45 | 51 |Newton.... Watertown.. 
Norfolk Central (Dedham)....... 's 46 1 |Dedham Norwood ........) 
Norfolk Suburban (Hyde Park),.. s 47 | 48 |Dedham Hyde Park..... 
s 48 -|Northampton...... 14 990 |Easthampton .. 
Providence & Taunton 50 Providence (R. 132 146 |Taunton......... 
Quiney & 51 | 49 |Quiney............ 16 723 
eading & Lowell............. .....8 52) 4 |Reading...........| 4 088 |Wilmington...... 
Rockland & Abington....... 4 260 |Rockland....... 
ls 54 Gloucester ........ 24 651 |Rockport........ 
Southbridge & § 55 -|Southbridge 7 655 Sturbridge ..... 
South Middlesex (Natick)........ 2&6 | 30 |Natick ............ 9 118 Sherborn..... age 
Taunton & Brockton. ............ |g 57 tkton..........| 29% 204 |Taunton......... 


Wakefield & Stoneham........ 


Brookfield & & Spencer s59 
Worcester & Blackstone Valley. eco} 15 8 Sutton........... 


> Ww orcester & s 61 ins 4 


58 


Total and average... 
Grand total and 


s 2. Also— s Also— $39. Also— 
Rowayton..... (a N. Andover.... 
= Dorlon’s Point. ¥ (a) 838. Alsco— _ 
‘Tewksbury 


829. Also— Wenham ...... 
Gloucester .. Woburn........ 13 


— «CF 
— 

— 
— «CFT 

4 — | 

| 

— 
— 
— 
— 1176 
4 
— ome 
ae 18 207 
70S 
10 198 
435 
— 
528 
— 

— 
i. 
sal 3180 

— 


i. 


ion served 


a 


we 


060 
707 
733 
193 
3% 
861 
448 
866 
213 
218 
087 
074 
881 
445 


~ 
= 

~ 
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Weymouth 
Williamstown .... 


Southborough. 


Dracut . 
Danvers.. 
Framing- 


= 


\ 
. Framingham. 


(a) 


N. Brookfield...) 3 871 


5 195 ‘Marlborough... 18 805 


8 747 | 


+ 


107 
1 


reapita | 
popula- 


Passenger trips 
per annum o' 
tion served 


384 


(a) Where populations are omitted, the census made no return; 


eto 


Attleborough........ borough) 6 727 Wrentham ...... 19 438 4 
4 5000000 4 814 La ‘| 1996 Tyngsborough (a) | 
Si 606 ‘| 7 454 Everett .......... 11 068, 675 360, — 
2019 |ashlana...,| 2 592 § 
Saugus -| 8678 8519, 20 417 
4 
841. Also— 
859. Also— 7 If. 12 were omitted, this average would 
Gpemcer....... 8 This total is 631 546 less than the column foots up, 
| 
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TABLE No. SERVED BY Roaps 


1 


Order according 


No. 
serve 


population 


served, smallest 


| Reference No. 

Population 


meme 


Bangor St. Ry Nees 


Calais St. Ry 
Portland R. R 


4 
Bridgeport Traction Bridgeport .. 866 |Southport.. 
Hartford St. Ry Hartford. ...| 58 230 | Withersfield 
Middletown St. Ry....... Middletown . fe 9 013 |Portland 
New Haven St. R New Haven.. .- 298 |East Haven. 
New London St. Ry.. New London | 13 757 |Ocean Beach. 
Stamford St. Ry Stamford....| 15 700 |..... 
‘Winchester Ave. (N. Haven)... 81 298 |Savi 
‘Waterbury Traction 


_ 


. * 
....| 448 477 |Cambridge....... 
i 4 848 |Quincy....... 
27 294 |Whitman........ 


35 687 |\Chicopee 
17 281 |Dalton........... 
Plymouth & Kingston ..... y ...| $14 |Kingston..,.... 
Springfield ..| 44 179 |W. Springfield. . 
25 448 |.. 
Union (New Bedford)........... C26, 40 733 |Fairhaven......... 
Wellesley & Boston.... 
_ West Roxbury & Roslindale.... 
Worcester Consolidated |Worcester...|— 
Westfield.... 


12 790 |Somersworth | 
19 311 |Hudson..... 
Concord St. Ry. 1 
Manchester St. Ry 
AP Laconia St. Ry 


Also = 
ockanum ...... 
N. Glastonbur 
5. Glastonbury 
Burnside 


— 
— 
— tee 
4 
— 
—— 
— 


US 


ay 


serv 


Populatio 


Passenger trips per 


capita per annum 
of population 


Population 


2 000? Hillto 
5 858 Westbrook 


SSESBR- 


City Point 
Naugatuck 


2 


_ 


no 


= 


wee 


S88 || $2 | 


Be 


4 


1g. Also Easton 


Randolph 


urn; for approximation, 500 | 


(c) Population served, omitting C18. 

(d) Rides per capita per annum of population served, omitting C138. > 


the table. 


— 
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= 
ae 8968 | 57 449° 
4 (a) |W. a) | 91 146 
4441 4852  Holbrook......, 2474 | 
106 
.- _ (a) Where populations are omitted, the census made no ret Pa ‘ 
inhabitants are assumed ineachcase. | 
| . f is total is 67 272 less than the column foots up, due to repetition of several cities in _ a i 
; 


in. anyg giv ven case. If we "much that the roads of the 
— England States serve the entire population, we get gross receipts per | 
7 head, equal to $7.32, and they undoubtedly do serve this population, | 
§ but if we were about to build the Boston and Albany Railroad (assuming ah : 
it did not exist), could: we properly use this figure, multiply by the _ 
- total population and say that would be the probable receipts; or 
should we take the population within the limits of division (1) _ 
“thane who live adjacent to the line and are compelled to ride upon q 


it” bys some determined from other simi- 


annum lor various eum’ served,” from whe 
communities having, according to the United States popula- pally 
tions” 000 and upward, to and including towns» of 1000 and 
upward. = These divisions of population are not advanced as the 


Turning t to Tables Nos. 28 and 29, we see fluctuations i in 


as density, distribution, ete. ete. but also due to inac- 
- euracies in determining ‘‘ population served.” From the tables it is 
seen that the entire populations of towns are repeated for several male 
and are , considered as being served by and serving these roads; this is 
- necessary unless we can divide the territory, which would be most 
difficult. If, however, it were done, and it can be, the results would 
be most saedtinn and instructive. By the divisions we have made, 
- it is shown clearly that suburban and interurban roads either do not — : 
P 
a as great a population a as the a aggregate of those forming their 
_ terminals and through which they pass, or else the receipts per capita = 
annum are less from those they do serve. Asa matterof fact both 


propositions are probably true. Our average of 78 in Table No. 


Bice included with its 266 rides per capita per annum, but the result 
would not have been as accurate for application to other problems. — q 
Effect of Competition. - —One often hears of the competition which elec- 
trie parallels have brought to our steam-railroad systems. This has been ” 
exaggerated greatly, for most of the traffic of electric railways did not 
exist until created by low ‘‘total cost ” and frequent and quickservice, 
in certain cases, the building of electric parallels has: 


rawn aw ay traffic from steam railr oads, only to be re- 


have been increased materially had road (13 (Boston Elevated) 3 


recov ery in traffic, on which powers, has been 
‘shown in the building “ elev ated street railways in New 
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— 
| 
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— 

— A 
— 

— 

— 
— 


:* motives, , due to the increase in speed and frequency of service on the _) : 

_ Metropolitan Street Railway in its changes from horse traction to cable a oe ; 

: and electric. The loss on the elevated road from 1893 to 1897 was | at¥ 
_ approximately 4( 40 000 000 ).passengers—part of which was due to the 


- financial depression throughout the United States, as indicated by. the 
_ “dip” in all curves on Fig. 15; how much this amounts to it is — 
determine and most difficult to estimate, but an approximation 
cant be made from the the retardation of increase shown in the curve a 
15, giving passenger trips on all electric roads in Massachu- 
_ Projecting the curve by connecting 1893 with 1897 it would » 


1892 1893 1894 
Fig. 14. 


=. the retardation due to sicieei depression, or about 7. 1% of the 
total traffic. If we assume the same loss, from the same cause, on the | 
evated railways, about 000 000 of the above 40 000 000 loss 1 


¢ 
way shout 110 000 000 five times asmany 


_as the elevated roads lost. The mileage of both 1 roads remained con- 
"stant, or nearly so, as in the Metropolitan curve are included, for the 
years taken, all roads now owned or operated by thiscompany. These 
; years also cover the change in motive power of this system. | ‘This in- 
crease in traffic on the street railways of New York ‘undoubtedly comes — 
largely from increase in ‘speed, better physical conditions, such as 
2 track, cars, lighting, heating, cleanliness, open cars, ete., etc. a 
| _ The elevated railways are operated under the same general condi- 
. : tions as exist on street railways, although the units are heavier, but 


they or are very frequent; of course, they ha the disadv 
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3 Be fe the horse surface road as to cause alarm to the stockholders; the con- Mr. Davis. | ia 
a 
4 
J 
a 
‘passengers than actually took place, which represents approximately = 

a 1% 
a 
A 
— 
: 

— 


TABLE No. . 30.— —EFFECT OF 
wike PARALLELS TO Sream Ramroaps. rere ~¥ 


4.75 a 81 | 956241 
Bridgeport—Southport........ 5.50 | 98 | (Het) 

Wallingford—Meriden......... 5.50 | 17 | | 
Birmingham—Ansonia......... 8.00 | 16 me 1088 977 
Winnepauk—S. Norwalk...... | 1090 263 — 

R. R. from all parallel trolley roads in the State a ; 
r annum, or 4% of 1% loss on total pas- , 


(b) 64 passengers were carried < on N. Y., N. H. & H. R. R. in the month of December, ee >. 


_ 1898, and 9in the same month of 1894, or a total loss 0 of ais passengers per annum, at a 


= 
confined to what might be called “trunk” ” lines without 
: These frequent units are now | operated by steam locomotives, but a 


‘ change to electric motors is about to take place. This change i is not 


“a warranted by any decrease in operating expenses which will take — ce 
- a place, either actual or sufficient to offset the interest on the additional - 
investment, although in the first years of electric operation Sean 
will no doubt be produced which w will appear to | indicate ‘such a result, 
as in two cases already cited, Nevertheless, the change, if “made, will 
- a be a profitable one from the natural and induced increase in the traffic 
of the future, just as the large investments of our steam railroads ae 
: improved terminals, track, rolling stock and stations have been justi- 
'. <= fied. Similar results will be > the inducements f for a change of operative Rs 
‘methods on parts: of our steam railroad systems, which change 1 neces- 
ae Table No. 30 has been prepared from a speech by Mr. Edwin B. — 
_ Gager before the Railroad Counmsittee of the State Legislature at 
Hartford, Conn., March 22d, 1895. * For many years | bitter warfare has 
been waged against interurban electric railways by the Consolidated. 
System (New York, New Haven and Hartford Railroad Company) 
: of resulting in the electric parallel law, where ‘‘ public convenience and | 
oo necessity ” must be demonstrated to the satisfaction of the ae 


Baten: * Those who are interested can obtain a ‘ reprint of Mr. saan s speech by addressing _ 


— 
“Mr. Davis, = 
— | 
— a ew 
7 
3 
— 
— 
a 
q 
— | 
| 
4 
- 
2 


Mr. Davis. 
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bind: 


Miles of Track, 


& 
? 
3 
3 


f 


es 


q 
— 
5 Cor PETITION OF STEAM AND 

tt 

| 
| 


is, ae before an electric railway can be built between two points 
already eonnected by a steam railroad. More unwise legislation 
against a natural progress, which would also benefit those whose infiu- 4 P 
ence created it, can scarcely be imagined. It is fair to assume that in = 
controversy—for the street railways naturally opposed such legis- 
_lation—both sides produced the strongest arguments | in support of a 
their respective contentions; the Consolidated presenting losses of = 
traffic, while the street railways insisted that their passenger travel , 
was mostly an induced one, which did not and could not exist under — 
An examination of Table ‘No. 30 shows conclusiv ely how the steam 


a total loss of $4 000 pus month,. or $48 000 per annum on the entire 4 
system, being about of 1% of their gross passenger revenue. 
the average fare were 10 cents, this would mean a total loss of 480 000 
passengers per annum out of a total of 44 448 324, orl. 1%; but 1894 
was the year of financial depression, when the steam railroads of — 
- Massachusetts lost 8.3% of their former passenger traffic, so that only — 
part: of this loss on the Consolidated was due to trolley parallels. — 
_ While the total loss to the Consolidated was given by its officers, a 66 
the towns between which it occurred were not stated, so that in Table | - 3 
No. 30 the 12 365 571 passenger trips, between and in a few of these 
- towns, is only part of the total passenger traffic of the street railways — 
. _ serving all localities where such loss took place. ‘ Whether this figure 
poe be increased by 50 to (100%, or more, 1 we e cannot s say, but, in 
any case, the data are sufficient to show the large induced traffic of 
~ street railways; or, in other words, ‘aystems which give low fares, _ 
4 frequent service, short sane time consumed in round trip and a ‘ leave- 4 
To emphasize the fact what might be called a “dormant traffic,” 
4 which can become an “induced traffic ” under proper operative condi- = 
tions, and to bring out this fact more clearly, Fig. 15 and Table 
i No . 31 have been prepared, an and these again sho show what a small part of of 
4 the traffic of street railways has come from the losses of steam 
_ railroads, and also, that a large part of this loss has been wrongly — 
attributed to electric parallel competition. | 
The passenger traffic on steam railroads in Massachusetts 
at - increased constantly from year to year since 1870, except during two 3 
a periods, s, both of which coincide with industrial depressions; this is 
a by Curve 2, dns 1, where the loss began in 1873 and 1898. 


ti 


interurban travel. Curve 2, Fig. 6, corroborates this 


— 

— 

r. 

— 

— 

= 

— 

q 
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— 
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trafic; this is due 

hen compared with the effect on long-haul trate; this 1s 

necessity being the basis of s 
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_ for we see that the passenger trips on street railways (short hauls, Mr. r. Davis. 
from necessity, as the controlling factors in volume of traffic on these — 
8), increased after 1874 and 1893, , although less" ‘rapidly than in 

“the y year previous, but there was no actual decrease. This curve soheis. 

- out another interesting fact, namely, the quicker recovery of electric = 
roads and their more e rapid increase in passenger traffic than when 
operated by horse- -power, again n supporting our our position. Massa- 
-chusetts, electric railway mileage has increased along with the pass-— a 
-— enger traffic (1889 to 1898) 163°% in the former to 123° in the latter, 
a approximately, each has eats pace with the other. In other words, 

these railways have been built where traffic did not previously exist, 

nor r could it be produced by the steam m railroads under existing con- Te 
“ditions; it has been ‘‘induced ” by the character of the electric roads a 
their operative methods. ‘Steam railroad has only increnced 


‘TABLE No. 31. —Comparative Loss on Seam AND 
Execrric Ratiw —(See Fig. 15). 


r 


Column 5 di- 


s 
vided by those in Column 2. 


in Massachusetts omitting 


Ss per 
oads 
per 


in and out of Boston. 


r 


i 
ri ps 


er t 
1 street rail- 


f steam rail- 
= 


roads in, Massachusetts. 


] 


= 


_. |Loss in passenger tri 


= 
= 
j 
= 


annum on West End Street 


Railway system in and out 
mounts in Column? divided 


annum on steam ra 

those in and out of Boston. 

Column 2 minus Column 3. 
ways in Massachusetts. 

by those in Column 8. 


annum on @ 

annum on steam ra 
annum on 


Loss in passenger tri 


ae 
Amounts in 


406 434 
Increase 


4 
of Boston, 


~ 


: _|Gain in passenger trips per 


940 
740 680 


3 808 480 
748 


ese 


1488-774 | «228920 | 11 630 782 


10225 151 117 327 620 65 47 457 677) 


Turning to Table No. Yo. 81 and Fig. 15, we see that the net loss of 


passenger traffic on all the steam railroads of Massachusetts, from 
1898, was 17 839 225; but during the same years the street 
railways: increased 117 327 620, or 6.5 times the loss of the steam 
railroads. If 7.796 of the traffic was lost, due to financial conditions ( (as 
estimated heretofore), 


1896 


— 
| 
ae 
“2 
| 
1894...... | | Increase |......| 6 
Ha 22-205 405 | 27.6 | 8766 782 12.1 
Net decrease 
| 
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“est was 10 cents (w roe secured by the street railwa: ay the fare would be 
halved or even less for them), the total amounted to $860 000; or 2.4% on | 
the gross passenger earnings and 1.1% on the gross earnings of the steam 


é ‘railroads; this would only amount to about 19% of the total net earnings. — 
Again, the net loss to steam railroads in . and out of Boston, from 1893 3 
to 1898, was 7 614074, while the West End Street Railway (controlling 
practically all street railways in and out of Boston), increased 47 457 677 i. 
or 6.2 times the loss of the steam roads. Applying the same argu- > 
only 3 225 000 passengers were lost by ‘the steam roads in and 
out of Boston, due to this competition. — This would not be fair, how- _ 7 d 
_ ever, for this traffic is made up more largely of commuters than long- & 
haul passengers. Assume it at 5 000000, which is undoubtedly too 
high, and with an average commutation rate of 7 cents, the loss is only — 4 
$350. 000 at the maximum. | Furthermore, the greatest gains of the street — 
railways throughout the State, and the West End Street Railway alone ; 
were i in 1895 and 1898, when the steam roads lost the least. All these — : 
data point to the conclusion, already stated, that competition does not 4 5 
a take place to the extent usually believed; while an ‘‘ induced ” traffic — 
a is created by the low fares, frequent, quick and ‘‘ leave-at-your- r-door” — 
«Servic e, rendered possible by the physical characteristics and operative 
‘Fig. 16 is from Table No. 28. Populations are arranged in oe a 


a order of magnitude ¢ as as abscissas, beginning with the smallest serv ed, 


= while the passengers per capita per annum are ordinates. an The pestiendas 
17 is the same from Table No. indicates plainly thatas 
populations i increase, the rides per capita per annum also increase. 
> oS Fig. 18 is made from towns arranged i in the order of their density of 
population. curve curve shows n no well-defined law. 3 

The determination of the desirability or undesirability of ‘substitu- 

ting electric traction for steam on parts of some American railroad 
systems is a matter of constantly increasing importance; on many pro-— 
= jected lines the question whether steam or electricity shall be used is . 
 & problem which must now be solved, although i in the past there was 
_ no question as to which should be adopted. We will probably see a 


during the next ten years a large increase in the substitution of elec-— 
tricity for steam on railroads. _ This change is foreshadowed by the 
= electric al equipment of elevated railways i in Chicago; by poe 
_overhead- trolley and third- rail experiments of the New York, New i): 4 
Haven & Hartford Railroad Company; by the operation of several 
branch lines of the Pennsylvania Railroad Company with electric — 
a and by the present active discussions, among steam- -railroud 


engineers and managers, of the details of first cost, operating expenses, 
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«df a change is contemplated, steam-railroad managers must viele 
‘making the mistake which took place in the change from horse ad > 
tion to electric traction—namely, of trying to reduce the first cost of a i 
: changing by the use of old methods, material, and equipment, which, 

although entirely suited to the old system, proved most unsatisfactory 
_ under the new conditions. - The old equipment partly made over will ¢ 
do. There must be new trucks, and new and lighter car bodies, 


lowe er for reater r ease of entrance and departure. of 
g 


at large cost. The nearer the to the ‘leave-at- -your- 
be substituted with that more 
investigation might show, in this or that case, that the | change “oY x 
Suburban se service of the Pennsylvania nia Railroad, out of Philadel- 


Germantown & Chestout Hill ‘Chestnut Hill. 
Rs. of N. J. Tacony, 


By the use of multiphase currents and sub- 
stations, power houses could be located along the Delaware and 
Schuylkill rivers; from these sub-stations direct current at 500 volts 


re 


could be fed into trolley or _third- rail equipment 4 


Schuylkill into Broad Street Station should be widened by four 
“additional tracks; main line. and U. R. Rs. of N. two tracks, 

each; P. W. & B. should have a total of four tracks; Germantown. & = 
_ Chestnut Hill, Reading, and West Chester should each have a total of . 
— 7 three tracks; all tracks should be equipped electrically, although — 
some of them would be used by steam locomotives hauling freight 
and ‘through passenger trains, and | some or all, , at times, by 
_ systems. Two tracks should be laid in the street from Broad Street 
- Station to the Schuylkill Bridge coming to railroad grade at that — 
oo the ¢ cars running over these tracks should operate from the 
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q Street railway or by special Iranchise, the street bemg wide enot 
a four tracks; they should be run as any street-railway line is 
‘taal and continue out on the extra tracks, provid d above, as 
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leave or enter cars at any point along the line. Local stations 

should be provided, in some cases much closer than at present, at ; 

“ which passengers, on the cars mentioned above, could change to elec- 


_ stopping at fewer points, all being done by the payment ‘of a single * 
fare. it will be ‘seen that this i is a combination of f the street ‘railway — 
on the outside tracks with the local and express. “serv ice of a steam 


writer believes, far in excess of anything yet accomplished in the 


~The same treatment of the followi ing terminals, with modifications 


New York, New Haven and ‘Hartford Railroad, out of Boston. 
Boston and Maine, out of Boston. 
and Reading, out of Philadelphia. hia. 

Harlem, New York Central and Hudson River, and New York, ; 
am New Haven and Hartford Railroad Companies, out of New 


Illinois Central Railroad, ‘out of ete., ete. 
‘The above is, of course, only a of details. 


Haven, Conn. When the : owas the sy: systems: of street 
_ railways in both towns, their cars will pick up passengers at set 
_ center, will pass onto the present steam tracks on the right-of-way of i 
the New Haven and Der by R Railroad (New York, New Haven and Hart- 
Railroad Company), run at high speed without stops to the other 
center, pass onto the local street railway tracks there and 
its: _ passengers where they desire, all for one fare. Such a system 
- operated by electric motors would be a financial success, where a line . 
7 a —_— the third-rail between Hartford and New Britain is : a failure in the Bes 
true sense. Many other similar examples might be give en, but this 
indicates the future of our steam railroads. 
must not be inferred that all or any of the cases § suggested above, 
if thoroughly investigated, won ould prove the expense warranted, 
- especially that of laying additional tracks. It i is, however, the writer’ 8 “ss : 
that in most cases additional tracks would be necessary 
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and should be extended as 

= Mr. Davis. as circumstances might warrant, thet 
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—— iddle tracks. The proposition is a radic . a 
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DISCUSSION ON ELECTRICITY VS. STEAM FOR RATLROADS. 
4 the “induced ” traffic. Mr. Davis.. 
ke the system profitable and abl importance of radical changes 
t be placed upon the importance of radical 
q she railroad methods to make the change to electricity pay 4 
present isting tracks and equipment, anc = Ler 
rative methods, will result in heavy loss and ultimate 
img 
ne thus far been confined, for reasons stated, to 
| i ban short hauls, an¢ ion of electricity 
@ the subject that the adoption of 
of with the additional change to the prevailing i 
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‘(combined or not with steam locomotives | as the case may <2 

will result to the steam roads in an enormous increase of 
ihe, the total passengers carried, passengers per car-mile and rate received — ae 


If this be done in any given case, », then it will not 


pay to make the change. 


_ In conclusion, the writer wishes to quote from the final paragraphs 2 
of a paper presented by him to the American Institute of Electrical 4 
wherein was the | convictions give en in this dis- 


3 was price to the third-rail rail experiments of the New York, New in en 


and Hartford Railroad, 


« The question whether the gross receipts of a given road will be q 
affected by the use of one or the other power under discussion isa 
a most interesting one. Experience shows that where an electric road Ee. 
has paralleled a steam road it has taken most of the latter's business — 
» 4 at first, but less as time went on; and that it created a demand for % 

7 intercommunication which had never existed before—the bulk of the 


a passenger travel coming from this cause. This is interestingly shown | 


in the arguments of Judge Hall (Vice-President of the New York, New 
> Fl Haven and Hartford Railroad) and Judge Gager, of Connecticut, 
= before the Legislature of the State at its last session. This, of course, 
- refers to passenger receipts only. Freight receipts would not be 
_ affected by the use of one power or the other, they increasing only as 
country grows and rates fall, together with better facilities. 
ie - eeipts from express and mails might be materially increased by the 
oe = use of electric traction when giving more frequent service. It appears — 
that the close headway and ‘leave-at-your-door’ service of electric — 
ove roads are the main reasons for their induced travel. The question of | 
how much more the travel would be increased by the use of electric * 
traction and frequent service is problematical, for the ‘leave-at-your- — 
door’ service is wanting in steam railroads as they are, but w hy not | 
change them? If this could be done, past experience and data would = 
a good basis from which to estimate future results. 
Loe The conclusion one arrives at is that for long lines, infrequent — 
service, where freight is a large proportion of the business, and where — 
_ Centers of population are far apart, the steam locomotive i is the only A 
_ paying method of to-day, as the first cost will be less, as well as total 4 
expenses. The writer has had several opportunities of determining 
these facts. What development may bring to electric traction in the 
future cannot be foretold. __ 
“The writer believes that electric traction will be profitable 
steam railroad systems when some or all of the following conditions 
_ are fulfilled, depending upon the special problem to be solved: a ; 
1, Steam railroad managers must avoid making the mistake which © =a 
took place in the change from horse traction to electric ration, 5 
7 o& namely, of trying to reduce the first cost of changing by use of old — 
methods, material and which, suited to 
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“the old system , proved most unsuitable under the new conditions. Mr. Davis. __ 
x The tendency is to repeat this mistake, and too much stress cannot be > 7 
laid upon avoiding it. The old equipment partly made over, the old 
. ee of operating, etc., will not — success in the use of electric 
Long distance, heavy trains service, if a neces- 
“ity, will prevent electric traction being profitable. Therefore, where 
; 4 _ gross receipts can be increased by light trains and frequent service, — 
and thus decrease expenses, as compared to steam locomotives, electric 
os traction will prove profitable. One of the best examples of how this 
~ eould be applied is found in the suburban service of the Pennsylvania 7 
- Railroad out of Philadelphia. It is, of course, understood that electric _ a. c 
Fi cars can be operated over the same tracks as trains drawn by steam 
— locomotives; a change of system requiring more frequent service for a 
success might necessitate one or more additional tracks, which in some 
cases would delay the time when a change would be advisable. eae, 
3. Steam railroads, , where the second condition is fulfilled, can a 
4 = better the results where ‘they operate part of the system on the ‘ leave- 
at-your-door’ plan. This suggestion may seem to some a radical x 
_ departure, but I commend it to the careful thought of those inter. a 


They writer’ final conclusion i is that electric can be 


(1) units are so light and so frequent, and “carried such 


first cost or as in 1 the plain case of a street 
(2) Where the gross receipts will be so increased by the change of 
and the mode of operation a as to mor more than pay forthe increased 
q first cost and operating. expenses per. car- 1r-mile, as in the case of subur- 
ban steam systems running out of our great cities and interurban 
systems between large towns situated afew milesapart. =~ 
us (3) When competition of parallel electric roads compels the change _ 
7 = save what traffic there is, irrespec tive of the question whether it: 


(4) Ww here ieee speeds are ont than can be attained by steam — 


This discussion would not be: complete without reference to oanother 


‘eas where electric motors will prove a profitable r ‘method of operation, * 


- namely, (4) where higher speeds are required than can be attained by 
steam locomotives. This discussion is already long enough, so _— 
- the consideration of this must be postponed, but the reader i is referred an 
«Enormous Possibilities of Rapid Electric Travel,” by the writer. 
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operating at 150 miles per hour or over, with the local street railways — 
_ Many more interesting facts and deductions can be obtained from 


a careful examination and analysis of the curves and tables. They are — ; 
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